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UK’s No 1 source for VELLEMAN® Kits 


MK151 Digital LED Clock Minikit 15.09 

MK152 Wheel of Fortune Minikit Ja70 

Pr cou F 7.78 4K153. Jumbo Single Digit Clock Minikit 12.53 

| Light Effect som Kit’ 21.44 \4K154 5 in 1 Emergency Tool Minikit 11.84 

essage Board with LCD 32.92 \4K155 Magic Message Minikit 11.84 

hannel Touch Panel Kit 40.63 \4K157 LCD Mini Message Board Minikit 15.96 

aoe oo Nt 29.01 MK158 LCD Mini Message Board with Backlight 21.14 

ammer and Experiment Board 24.65 K159 Brain Game Minikit 10.47 

annel IR Transmitter Kit 25.73 MK160 Remote Control via GSM Mobile Phone 8.93 

15-Channel IR Receiver Ki 18.38 MK161 2-Channel IR Remote Receiver Minikit 9.95 

15-Channel IR Remote Stick Kit 14.35 MK162 2-Channel IR Remote Transmitter Minikit 8.49 

eo eeepent ye poieakt Beco MK163 Electronic Stereo Volume Control Minikit 10.90 

§-Channe! Relay Coa 30.45 MK164 _ IR Electronic Volume Control Minikit 14.79 

2-Channel RF Remote Receiver 17 Wily Tes Crating BUM ier 13.89 

8-Channel RF Remote Control Kit 25./3 GSS im cieeGh onan 9.09 

2-Channel RF Code-Lock Transmitter Kit Ilo 2 MK Pedi, Eleetian ic G@eibellc i imileit 38] 

Discrete Power’ pliicrmaaaay — 12.85 MK168 — Alarm Sensor Simulator Minikit Dag) 

Extended U6 Intortaagaa2ocmaia 66.48 \4K169R Flashing LED Star (Red) Minikit 6.20 

USB Controlled DMX Interface Kit, == 47.90 ai é9Y Flashing LED Star (Yellow) Minikit 6.20 

2 Modular Lights with Serial Interface Kit 21.60 NAKAI WOGOALETD Niulti-EtPecr Star Mipikit 10.98 

DE Contra (aaa aaa 19.93 MMK171 Voice Changer Minikit 671 

Pocket Audio Generator Kit 13.41 MK172. Sound LED Star Minikit 7 33 

Saree uplitien ti | 6.86 MK173 Mini 6-LED Chaser Minikit 8.50 

mie’ eagture i ee MK174 — Single-Message Record/Playback Minikit 11.87 

Dimmer for Electronic Transformers Kit 13.96 Migl7 SMeaieteenLED Suiiley Minit 7 AS 

ea aie’ Sete) Kr 16.85 MK176 LED Chevron Arrow Minikit 8.49 

eave Nl 5-30 MK177 Ding Dong Minikit 4.90 

m Relay Kit ATT ai78 Sard, Brakelkight Elaehernimiit 6.30 

pontrol Transmitter Kit 18.95 MK179 Proximity Card reader Minikit 14.25 

ee 11.52 \4K180 2 Channel Hi-power LED Flasher Minikit 10.50 

Bos 24.95 MK181 AC Power voltage indicator LED Minikit 2.43 

84.80 4K182 Digital Echo Chamber Minikit 11.43 

La og, MKI84 Electronic RGB Candle 5.52 

K4040 = Stereo Valve Amplifier/Chro HPS140 F ontrolip Seameniean 13.0 SY Oa 7.89 
K4040B Stereo Valve Amplitier/Black 10Mhz Pecan bl ‘aI Detector & Relay Output 11.08 i 

K4102 Guitar Preamp with Headph¢ geable portable 2 d LED Kit 1083 VM100 200W Power Ampli ier Module 38.54 

KASUMI. Noice Generator Kit scope. Do not lef its size fool you! fg with Buzzer an “°° VM101_— Multifunctional Dimmer Module 34.90 

: Only £99.99 o 15.15 vmM103 Blinking Module 34.43 

ee en www.hps140.com ck, Temp Display Kit 40.75 vmM105 AC Power Slave Module 34.43 

vay ie me ve B Relay Card Kit 39.95 WM106 Video Signal Cleaner Module 30.44 

as ie i ate ae With Light Dimmer Function Kit 22.49 VM107 Vall aunetioncel Counter Module 38.91 

K4307 Audio Power Meter Kit 9-99" K8092 ~~ Optical proximity switch Kit 7 AS Fron. USE Interface Card Mienule 34.90 

‘Sit, ee ee so7> 8095 SD/HCSD MP3 Player Kit 39.99 VWM111 PIC Programmer and Experiment Module 32.60 

K4600 Video and RGB Converter/Processor Kit 95.61 Kg998 Audio Analyser Kit 31065 geen 7 ae pee ee Ret “eee 

K4601 Audio/Video TV Modulator Kit . . 22289813099 Nixie Clock Kit 64.96 0 eee ett Mite see, ae 

K4700 2-Channel Loudspeaker Protection Kit NFO) ~~ Video Digitiser Card for PC Kit 113.69" yaar ee ere Rianne et 3 ae 

Coe RON faraviolection i 1). Velleman Mini Kits VM116 USB Controlled DMX Interface Module 67.15 

Si, “Weim rain ri 8-59 MK100 Electronic Christmas Tree Minikit 5.63 VWM118 8-Channel RF Remote Control Set Module 68.77 

ee caea ae ey ere MKION Jee eee Slat 6.25 VM118R afehonpal RF Remote Transmitter Module 36.02 

ey — — a a9 MK102 Pegs ees Minikit 2.99 M119 One Channel Dual Output Receiver 19.40 

ee mance pitaoe Io, MK103__ Sound to Bight Miniicit a VM120  =10-Channel Light E emaGenerator 32.02 

~<a ee ee ie tage MK104 Electronic Cricket Minikit 6.73 M121 15-Channel Inia Transmitter Module 36.02 

Sok emmomaniiesse sc {fOr nen ee p72 MK105 Stagione co lLalom Minikit 421 122 1stcHelnel Infrared Receiver Module 29.62 

K6002 Temperature Controller Kit . . Oa weiog “Metronome Minikit 6.90 Wo as ae an He 

K6003 Temperature Sensor with LED Display Kit 46.40 )\K107. LED Running Light Minikit 615 Ace. net net ae y call ae 

ane ae a epee io/ete poe eo ome com orm Minikit 3.74 129 8-Channel Rasy Card Module 33.29 

Nala *27 MK109 — Electronic Dice Minikit 4.45 

K6501 Remote Control by Telephone Kit 38.22 MK110 Simple One Channel Light Organ Minikit 5.84 vie fe ee a sso ale ai si sae 

K6600 Multitone Chime Kit ial: 7 Smee) | | intervall Timer Minikit = ianne emo Es =" : ansmite ia 

K6712 IR Remote Controlled Dimmer Kit 7D KKII2.  Brain.Game Minikit Qnic cae an 1 aps | 

K6714 — Universal Relay Card (8 Relay's) Kit JOM | TSmMSiranesound Generator Minikit New yre sensor Module sane 

K6714-16 Universal Relay Card (16 Relay's) Kit ie 7 MGA Low Voltage Light Organ Minikit ee eon 

K7000 — Signal Tracer/Injector Kit 7 MRSe. Pocket VU Meter Minikit | oaule oye | 

K7101 Mains Voltage Detector Kit 7.07 MK116 Riding Santa Minikit | ule ra 

K7102 Metal Detector Kit 7.62 K117. Delux Xmas Tree Minikit Interface 30°C Modul 795 

K7105 ~~ Handheld LCD Osciloscope Kit 1 SZ ee AKIO EM Radic Minikit Module aq af odule ee 

K7203  3-30V 3A Power Supply Kit 25.10 MK119 Roulette Minikit VM167 ee es 

K7300 —_ Universal Battery Charger/Discharger Kit 13.84 \4Kx120 Light Barrier Minikit Miniature liSB powereate ° Wing ee Bee 

epee ae a ies) Battery Charger, Kit 6.35 MK121PAL Classic TV Game Minikit controlled I/O board a 1D 

K8000"™ PC Interface Board Kit 74.95 \K122 Animated Bell with 83 LED's Minikit] 15 iipul/ Outputs Pre-Assembled ff at. oe 

K8004 DC to Pulse Width Modulator Kit 9.95 MK123 Rolling Clock Minikit x en nat 

K8005 Stepper Motor Card Kit a... 25.70 MK124 — Rolling Message Minikit Only £26. SO ane cae on 

K8006 Domotica Light System - Busprint Kit 25.52 \AK125 Light Sensitive Switch Minikit i A esr.co.uk oe: a ee ee 

K8008 Multifunction Relay Module Kit IZ AK Gm Car Alarm Simulator Minikit vee pu oda 

K8009 Multifunctional Clock Kit _ 53.10 )yK197 Running Microbug Minikit ee at A i e a ae 

K8012 Lead Acid Battery Charger/Conditioner Wee ices. Kichen Timer Minikit MES eae pa re . ca ca baat 

K8015 Multifunction Relay Switch Kit 14.94 naKk129 Crawling Microbug Minikit 11.48 ae ang ule an aa ane 

K8016 = PC Function Generator UE IMHz Kit 72229 Weis0 Y8—iXmas tree Minikit 769 Vico ai cae es a bs a es 

ee ee ha sent a “all 3-8) MKI31_ Traffic Seg inh 6.85 M151 RGB Controller Module & remote control 26.35 

st fae ie mo ee ; 207-73 MK132 Cable Bart yeeccoanaaiiclt 5.05 VM152 LED Dimmer with RF Remote Control 29.53 

K8021 High-End Control Amplifier Kit | W827 GS "Quiz.lable Minikit 6:85 ON Ge se led ic ape 

K8023 10-Channel, 2-Wire Remote Control Kit 24.41 \K134 Steam Engine Sound Generator Minikit TAT VM156 Se histe Ganeidicr Module 50.00 

K8026 Suppressed 3.5A Dimmer Kit 9.94 \K135 Electronic Decision Maker Minikit 3.38 TMiZO 4. Channel RE-Remote ContrelSet 47.50 

an hee ma Na? per — 770 MK136 Spee teicoEor Minit Toss VM160DT 4 Channel RF Desktop Transmitter 46.28 

a ee my a 10-20, MK137 IR Remote Checker Minikit 4.43 VM160T 4 Channel RF Re eecacal transmitter 17.05 

* 5 he ee es h3-09 MK138._— Thermostat Minikit 4.79 M161 RGB LED Stri Colour controller Module 22.75 

Son, as sein ra cil oe, MKI39 cheip Cin Orn gs iad 10.80 VMié2 RGB LED Strip Colour dimmer Module 30.86 

K8032 4 channel Running Light Kit PROS ao) Karaoke Minikit OLIN Me Os cl'Clock ee See 

Recs hd nama # ty pq MKI41. SMD moppy Face Minikit pl VM164 = Mini Dimmer, Push button control 14.78 

K8035 Multitunctional Up/Down Counter Kit | Samah AK TAIL S\AB mas. Tree Minilit 50D an ai Ne - a ae pe 

60S CCR EI NSIC rast | 20.58 MK143_— White LED Flashlight Minikit EG 5, Gee cl ao ccte- with LED ane 

K8037 Bus Dimmer for Home Light System Kit . 12.70 yaKk144 Flashing Heart Minikit 500 Ne Mer cp a eee Se a 

K8038 Power Dimmer, Push-Button Controlled le 4 OOM ic] AS olloween Pumpkin Minikit 7 63 A coullo a a eee ven ae 

K8039 Channel DMX Controlled Power Dimmer 29.95 MK146 Pocket VU Meter Minikit (with Enclosure) 7.44 VM169 RGB p elaid ep hicdule 9571 

K8040 High-End MOSFET Power Amplifier Kit 181-45 k147 Dual White LED Stroboscope Minikit See es cle = an an a 

K8041 Fan Timer Kit 10.57 MK148 Dual Super Bright Flashing Red Lights 4.43 vs ae oe 58 AO 


MK149 
MK150 


Love Tester Minikit 
Shaking Dice Minikit 


Tel: 0191 2514363 


Fax: 0191 2522296 
sales@esr.co.uk 


Station Road © GD 
Cullercoats 
Tyne & Wear 
NE3O 4PQ 


VM8090 8 Channel USB Relay Card 
Latest kits & Modules with full tech specs at 
www.esr.co.uk 


Prices Exclude Vat @20%. 


EUROCARD. 


PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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Projects and Cireuits 


NEW, IMPROVED THEREMIN by John Clarke 
Build this sophisticated new design of the original electronic instrument. 


LOW-COST DIGITAL AUDIO MILLIVOLTMETER by Jim Rowe 


Measure small signals at audio frequencies and display in mV, dBV and dBm. 


GPS SYNCHRONISED CLOCK by Geoff Graham 
Convert a standard battery wall clock into a precision timekeeper. 


MANUAL 2-WAY USB DEVICE SWITCH by Jim Rowe and Greg Swain 


No more plugging and unplugging! Two computers can share one USB printer. 


TECHNO TALK by Mark Nelson 
Reasons To Be Cheerful — And Concerned 


MAX ’S COOL BEANS by Max The Magnificent 
High definition... Not science fiction... 3D is for me! 
TEACH-IN 2011 by Mike and Richard Tooley 
Part 5: Operational amplifiers 

CIRCUIT SURGERY by lan Bell 

Properties of comparators 

PIC N’ MIX by Mike Hibbett 

PIC-Prop ‘chit-chat’ 

PRACTICALLY SPEAKING by Robert Penfold 
Navigating acronyms in electronics 


NET WORK by Alan Winstanley 
A wireless world... Not so neighbourly... Hot spots 


agus alice] SAMIGAS 


EDITORIAL 
The shape of things to come 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


EPE PIC PROJECTS CD-ROM VOL.1 AND VOL.2 
A plethora of handPiCed projects 


EPE BACK ISSUES Did you miss these? 
SUBSCRIBE TO EPE and save money 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


READOUT Mait Pulzer addresses general points arising 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, 
plus more CD-ROMs 


EPE PCB SERVICE 
PCBs for EPE projects 
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(Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU, UK) 
and TechBites Interactive Inc., 
(PO Box 857, Madison, Alabama 35758, USA) 
All rights reserved. 


WARNING! 


The materials and works contained within EPE Online — which are made available 
by Wimborne Publishing Ltd and TechBites Interactive Inc — are copyrighted. You 
are permitted to make a backup copy of the downloaded file and one (1) hard 
copy of such materials and works for your personal use. 


International copyright laws, however, prohibit any further copying or 
reproduction of such materials and works, or any republication of any kind. 
TechBites Interactive Inc and Wimborne Publishing Ltd have used their best 
efforts in preparing these materials and works. However, TechBites Interactive Inc 
and Wimborne Publishing Ltd make no warranties of any kind, expressed or 
implied, with regard to the documentation or data contained herein, and 
specifically disclaim, without limitation, any implied warranties of merchantability 
and fitness for a particular purpose. Because of possible variances in the quality 
and condition of materials and workmanship used by readers, EPE Online, its 
publishers and agents disclaim any responsibility for the safe and proper 
functioning of reader-constructed projects based on or from information 
published in these materials and works. In no event shall TechBites Interactive Inc 
or Wimborne Publishing Ltd be responsible or liable for any loss of profit or any 
other commercial damages, including but not limited to special, incidental, 
consequential, or any other damages in connection with or arising out of 
furnishing, performance, or use of these materials and works. 


QUASAR 


electronics 


The Electronic Kit Specialists Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU120) £19.95 
Leads: Parallel (L_DC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


NEW! USB & Serial Port PIC Programmer 
: USB/Serial connection. 


Te | Free Windows XP soft- 


r B icaoried: ZIF Socket and 
fee SB lead extra. 18Vdc. 

Kit Order Code: 3149EKT - £49.95 

Assembled Order Code: AS3149E - £59.95 

Assembled with ZIF socket Order Code: 

AS3149EZIF - £74.95 


NEW! USB ‘AIl-Flash' PIC pe ee 
USB PIC programmer for all : 
‘Flash’ devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows XP Software. ZIF 
Socket and USB lead not incl. 
Assembled Order Code: AS3128 - 


£49.95 
Assembled with ZIF socket Order Code: 
AS3128ZIF - £64.95 


ATMEL 89xxxx Programmer 
Uses serial port and any 
standard terminal comms 
program. 4 LED's display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £28.95 
Assembled Order Code: AS3123 - 


£39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and 1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 
Assembled Order Code: AS3081 - £24.95 


PIC Programmer Board 


Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC™ microcon- 4 
trollers. Requires PC 
serial port. Windows 
interface supplied. 
Kit Order Code: K8076KT - £39.95 


Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 
Tel: 01279 467799 
Fax: 01279 267799 
E-mail: sales@quasarelectronics.com 


Web: www.quasarelectronics.com 


01279 


All prices INCLUDE 17.5% VAT. 

Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day 
Delivery - £4.95; UK Mainland Next Day Delivery - £11.95; Europe (EU) - 
£11.95; Rest of World - £14.95 (up to 0.5Kg). 

!Order online for reduced price Postage (from just £1) 


Payment: We accept all major credit/debit cards. Make cheques/PO’s —_ 


Credit Card 
Sales 


PIC Programmer & Experimenter Board 


The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa- 
tional experiments, such as 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £39.95 
Assembled Order Code: VM111 - £59.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU445 £7.95 


USB Experiment Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055KT - £38.95 
Assembled Order Code: VM110 - £64.95 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. = 
4 channels. Momentary or i 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- ay 
cludes one Tx but more avail- = 

able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 

Kit Order Code: 3180KT - £49.95 

Assembled Order Code: AS3180 - £59.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £3.95 each 


Remote Control Via GSM Mobile Phone 
Place next to a mobile phone 

(not included). Allows toggle or 

auto-timer control of 3A mains 

rated output relay from any loca- 

tion with GSM coverage. 

Kit Order Code: MK160KT - £13.95 


Most items are available in kit form (KT suffix) 


or pre-assembled and ready for use (AS prefix). 


payable to Quasar Electronics. 
Please visit our online shop now for full details of over 500 electronic kits, 
projects, modules and publications. Discounts for bulk quantities. 


VISA 
Electron 


467799 


4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DIMF 
phone from anywhere 
in the world and re- 
motely turn on/off any ae 
of the 4 relays as de- Ls 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £74.95 
Assembled Order Code: AS3140 - £89.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital inal 
inputs (for monitoring —— 
switch states, etc). Useful 

in a variety of control and Ye 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £69.95 
Assembled Order Code: AS3108 


- £84.95 


Infrared RC 12—Channel Relay Board 
Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £59.95 

Assembled Order Code: AS3142 - £69.95 


Audio DTMF Decoder and Display 


Detect DTMF tones from 
tape recorders, receivers, 
two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 
16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU445). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £34.95 

Assembled Order Code: AS3153 - £44.95 


Telephone Call Logger 


Stores over 2,500 x 11 
digit DIMF numbers with 
time and date. Records all 
buttons pressed during a 
call. No need for any con- 
nection to computer during operation Hu 
logged data can be downloaded into a PC via 
a serial port and saved to disk. Includes a 
plastic case 130x100x30mm. Supply: 9-12V 
DC (Order Code PSU445). 

Kit Order Code: 3164KT - £44.95 

Assembled Order Code: AS3164 - £59.95 


Here are a few of the most recent products 


added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 
4 channel computer e 
serial port temperature 
monitor and relay con- 
troller with four inputs 
for Dallas DS18S20 or 
DS18B20 digital ther- 
mometer sensors (£3.95 each). Four 5A 
rated relay channels provide output control. 
Relays are independent of sensor channels, 
allowing flexibility to setup the linkage in any 
way you choose. Commands for reading 
temperature and relay control sent via the 
RS232 interface using simple text strings. 
Control using a simple terminal / comms 
program (Windows HyperTerminal) or our 
free Windows application software. 

Kit Order Code: 3190KT - £69.95 
Assembled Order Code: AS3190 - £84.95 


40 Second Message Recorder 
Feature packed non-volatile 
40 second multi-message 
sound recorder module us- 
ing a high quality Winbond 
sound recorder IC. Stand- 
alone operation using just six onboard but- 
tons or use onboard SPI interface. Record 
using built-in microphone or external line 
in. 8-24 Vdc operation. Just change one re- 
sistor for different recording duration/sound 
quality. sampling frequency 4-12 kHz. 

Kit Order Code: 3188KT - £27.95 
Assembled Order Code: AS3188 - £36.95 
120 second version also available 


aT eer TT rp 
ae ee Ae 


Bipolar Stepper Motor Chopper Driver 
Get better performance from 
your stepper motors with this 
dual full bridge motor driver 
based on SGS Thompson 
chips L297 & L298. Motor 
current for each phase set 
using on-board potentiometer. Rated to han- 
dle motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply voltage. 
Provides all basic motor controls including full 
or half stepping of bipolar steppers and direc- 
tion control. Allows multiple driver synchroni- 
sation. Perfect for desktop CNC applications. 
Kit Order Code: 3187KT - £37.95 

Assembled Order Code: AS3187 - £47.95 


Video Signal Cleaner 
Digitally cleans the video 
signal and removes un- 
wanted distortion in video : 
signal. In addition it stabilises 
picture quality and luminance fluctuations. 
You will also benefit from improved picture 
quality on LCD monitors or projectors. 

Kit Order Code: K8036KT - £32.95 
Assembled Order Code: VM106 - £49.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 


Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 
almost any common 
DC motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £18.95 

Assembled Order Code: AS3067 - £26.95 


Computer Controlled / Standalone Unipo- 
lar Stepper Motor Driver os 
Drives any 5-35Vdc 5, 6 


motor rated up to6 Amps. im 
Provides speed and direc- 5 ae 
tion control. Operates in stand- signe or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £15.95 
Assembled Order Code: AS3179 - £22.95 


Computer Controlled Bi- Peat ate p por 
Motor Driver Cm 

Drive any 5-50Vdc, 5 Amp F 
bi-polar stepper motor using Fi 
externally supplied 5V lev- 
els for STEP and DIREC- fs 
TION control. Opto-isolated = west 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £23.95 
Assembled Order Code: AS3158 - £33.95 


ooo 


Bidirectional DC Motor Speed Controller 
Control the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re- 
verse direction. The 
range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 

Kit Order Code: 3166v2KT - £22.95 
Assembled Order Code: AS3166v2 - £32.95 


AC Motor Speed Controller (600W) 
Reliable and simple to 
install project that allows 
you to adjust the speed of  .@™ 
an electric drill or 230V AC “4g 
single phase induction 
motor rated up to 600 
Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suit- 


able for use with brushless AC motors. 
Kit Order Code: 1074KT - £14.95 
Assembled Order Code: AS1074 - £23.95 


See www.quasarelectronics.com for lots 
more motor controllers 


Credit 
Card 
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467 
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QUASAR 


electronics 


The Electronic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


500-in-1 Electronic Project Lab 
Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course OS  clreceaatl = 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £179.95 

Also available: 30-in-1 £19.95, 50-in-1 
£29.95, 75-in-1 £39.95 £130-in-1 £44.95 & 
300-in-1 £69.95 (see website for details) 


Tools & Test Equipment 
We stock an extensive range of soldering 
tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Two-Channel USB Pc Oscilloscope 
This digital storage oscillo- 
scope uses the power of your 
PC to visualize electrical sig- 
nals. Its high sensitive display 
resolution, down to 0.15mV, 
combined with a high band- oS, 
width and a sampling fre- 

quency of up to 1GHz are giving this unit all 
the power you need. 

Order Code: PCSU1000 - £399.95 


Personal Scope 10MS/s 

The Personal Scope is not a 
graphical multimeter but a com- 
plete portable oscilloscope at the 
size and the cost of a good mul- 
timeter. Its high sensitivity - down 
to 0.1mV/div - and extended 
scope functions make this unit 
ideal for hobby, service, automo- 
tive and development purposes. Because of 
its exceptional value for money, the Personal 
Scope is well suited for educational use. 
Order Code: HPS10 - £189-95£169.95 


See website for more super deals! 


www. quasarelectronics.com 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 
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KITS 


Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon 
Chip Magazine Australia. These projects are 'bullet proof' and already tested down under. 
All Jaycar kits are supplied with specified board components, quality fibreglass tinned 


KC-5350 £50.00 plus postage & packing 

This kit will boost your video and audio signals preserving 
them for the highest quality transmission to your projector 
or TV. It boosts composite, S-Video, and stereo audio 
signals. Kit includes case, PCB, silkscreened punched panels 
and all electronic components. 


° 9VAC @ 150mA required - 
use our plugpack 
MP-3027 £11.25 


L Featured in EPE: March 2006 


PCBs and have clear English instructions. Watch this space for future featured kits. 


~ AUDIO KITS 


Audio Converter 


KC-5468 £15.00 plus _ te 

| postage & packing a 
This kit will adapt an 
unbalanced input to balanced 

- output and vice versa and allows 

| domestic equipment to be 

_ integrated into a professional installation while 
maintaining the inherent high immunity to noise pick-up 
on long cable runs provided by balanced lines. Kit supplied 

with solder masked PCB and all specified components. 


| Featured in EPE: September 2010 


Bridge Mode Adaptor 
For Stereo Amplifier 


KC-5469 £10.50 plus postage & packing 

- Enables you to run a stereo amplifier in ‘Bridged Mode' to 

effectively double the power available to drive a single 

_ speaker. No modifications required on the amplifier and 
the signal processing is done by the kit. Supplied with silk 

screened PCB and components. 


* Requires balanced 


(+/-) power supply 
¢ PCB: 103 x 85mm 


\ Featured in EPE: Sep 2010 Wii 


KC-5459 £23.75 plus postage & packing 
The adaptor accepts signals from common TV remote 
controls and operates the audio functions of the drive as 
easily as you would control a normal CD player. Kit 
| features a double sided PCB, 
pre-programmed micro 
controller, and IDC 
connectors for the aii 
display panel. 
Supplied with 
solder masked and 
screen printed PCB 
and all required 
electronic components. 


KC-5389 £11.00 plus postage & packing 
Luxeon high power LEDs offer up to 120 lumens per unit, 
and will last up to 100,000 hours! This kit 
allows you to power the fantastic 1W, 3W, 
and 5W Luxeon Star LEDs from 


12VDC. Ideal for your car, , > 4 $ 
boat, or caravan. 9 * : 
im . ‘ ~ 
| + Kit supplied with PCB, and 
all electronic components 


4 Featured in EPE: April 2007 


| KC-5400 £21.25 plus postage & packing 


» allow you to control up to eight devices. At the same 


MARCH 2011 


Control appliances or receive alert notification from 
anywhere. By sending plain text messages this kit will 


time, it can also monitor four digital inputs. It works 
with old Nokia handsets such as the 5110, 6110, 3210, 
and 3310, which can be bought inexpensively. 


- Kit supplied with PCB, pre-programmed microcontroller 


* Requires a Nokia data cable which 
can be readily found in mobile 
phone accessory stores 


a Fo ean 
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| Featured in EPE: March 2007 : 


| KC-5448 £36.00 plus postage & packing 


| adjustable from a few millivolts to over 1V., so you plug in 


; makes this is a very versatile mixer that will operate from 
ae 12VDC, 45mA. Kit includes 


SN 


The input sensitivity of each of the four channels is 


a range of input signals from a microphone to a line level 
signal from an CD player etc. A headphone amplifier circuit 
is included for monitoring purposes. A three stage EQ 


case, PCB with overlay 
and all electronic | —_——— 
components. vee ee . 


| Featured in EPE: April 2009 a eee eomponens 


| KC-5458 £30.00 plus postage & packing 
This excellent keyless entry system features two 
independent door strike outputs and will recognise up to 
16 separate key fobs. The system keeps the coded key fobs| 
| synchronised to the receiver and compensates for random 
| button presses while the fobs are out of range. Supplied 
with solder masked and silk screen printed PCB, two 
programmed micros, battery and all 
electronic components. 


* Receiver requires 12VDC 
1.5A power supply 
* Some SMD soldering required 


f 


r 


| from distorted to clean. 


KC-5473 £20.50 plus postage & packing 

The receiver has momentary or toggle output and the 
momentary period can be adjusted. Up to five receivers 
can be used in the same vicinity. Short-form kit contains 
two PCBs and all 

specified components. 


- 200m range 
¢ Extra transmitter 
kit: KC-5474 £10.50 


¢ PCB: Tx: 85 xX 63mm Rx: 79 x 48mm 


and all electronics components with manual ; A Featured in EPE: Janruary 2011 


THEREMIN SYNTHESISER KIT MKIl 


| KC-5475 £27.25 plus postage & packing 


The ever-popular Theremin is better than ever. It's easier to! 
set up with extra test points for volume adjustment and 
power supply measurement and it now runs on AC to avoid 
the interference switchmode ®_ 
plugpacks can cause. It's also QC 
easier to build with PCB-mounted 
switches and pots to reduce wiring to 
just the hand plate, speaker and 

antenna and has the 

addition of a skew control 


a 
to vary the audio tone J-FS 


Ti 
—= HEREMIN 


FEATURED 
THIS MONTH J 


- Complete kit contains PCB with 
overlay, pre-machined case and 


| KC-5462 £45.25 plus postage & packing 


Commercial remote control mains switches are available 
but these are generally limited to a range of less than 
20m. This UHF system will operate up to 200m and is 
perfect for remote power control systems etc. This UHF 
system will operate over a range up to 200m and is 
perfect for water pump control systems etc. The switch 
can be activated using the included hand held controller. 


- Kit supplied with case, screen printed PCB, RF modules 
and all electronic components 

Note: Requires UK mains 

socket or adaptor 


Featured in EPE: 


| Janruary 2010 


( AUTOMOTIVE KITS 


Ignition Kit 
KC-5442 £34.50 plus postage & packing 
This advanced and versatile ignition system is suited for both two 
& four stroke engines. Used to modify the factory ignition timing 
or as the basis for a stand-alone ignition system with variable 
ignition timing, electronic coil control and anti-knock sensing. 


* Timing retard & advance over a wide range 
- Suitable for single coil systems 
- Dwell adjustment 
* Single or dual 

mapping ranges 
* Max & min RPM adjustment 


| Featured in EPE: Sept/Oct/Nov 200 


— 


Throttle Timer Kit 


KC-5373 £12.50 plus postage & packing 

This brilliant design will trigger a relay when the 
accelerator is pressed or lifted quickly. Used for 
automatic transmission switching of economy to power 
modes or trigger electronic blow-off valves on quick 
throttle lifts etc. It is completely adjustable, and uses 
the output of a standard throttle position 

Sensor. 


- Kit supplied with PCB, 
and all electronic 
components 


Featured in EPE: Nov 2006 


/ BATTERY KITS 


Battery Zapper Mk III 


KC-5479 £29.00 plus postage & packing 

The popular battery zapper kit has gone through a couple 
of upgrades and this is the latest easier-to-build version. 
Like the original project from 2005, it attacks a common 

cause of failure in lead acid batteries: 

sulphation, which can send a battery to an 

early grave. The circuit produces short 


KC-5391 £6.00 plus postage & packing | 
This great little converter ¢ : 


allows you to use regular 
1.5V cells for ‘i = a 5 Sie 


Ni-Cd or Ni-MH =| ai 
QV applications. _ 


KIT OF THE MONTH 


| KC-5500 £45.25 plus postage & packing 
Charge controllers are essential for solar et 
| although commercial units can run into severa | 
indies dollars. Designed for use with 40W to 120W | 
| 42V solar panels and lead acid batteries, this solar | 


1.2V cells, ee 
or Alkaline 


| charger provides 3-stage charging with the option of | 


| equalisation and with MPPT 

| (Maximum Power Point 

| Tracking). Operation is 

| for 12V and the kit 

| configured for this voltage, a 
| 24V upgrade will be available in 
| future. Kit includes PCB, all 

| components and case. 


) Features 
| - Suitable for 40W to 
120W 12V solar 
panels 
| - 3-step charging 
} + MPPT (maximum power 
| point tracking) charging 
| - Charge indicator LEDS — 
| + Temperature compensation for charge voltage 
- Optional equalisation cycle 


VOLTAGE REGULATORS 


| Improved Low Voltage Regulator 


KC-5463 £8.25 plus postage & packing 


| This handy regulator will let you run a 


variety of devices such as CD, DVD or MP3 
players from your car cigarette lighter 
sockets or even a digital camera or 
powered speakers from the power supply 


| inside your PC. This unit can will supply 


either 3V, 5V, 6V, 9V, 12V or 15V) from a 


| higher input voltage at up to four amps Ss 
| (with suitable heatsink). Kit includes screen |) 2° 


printed PCB and all specified components. 


| Heatsink not included. 


¢ PCB: 108 x 37mm 


| Please note: that to ensure trouble free 4 


amp output, a heatsink with a thermal 
resistance of 1.4 degrees C per watt, and 
an input voltage 3VDC above the output 
voltage is required. 


Voltage Regulator Kit 


| KC-5446 £6.25 plus postage & packing 


| This handy voltage regulator can 


| | Minimum order £10 


provide up to 1,000mA at any 
voltage from 1.3 to 22VDC. 


| Ideal for experimental Tae 


projects or as a mini bench “Sam 


% 


power supply etc. Kit supplied 


| with PCB and all electronic 
| components. 


Order Value 
£10 - £49.99 
£50 - £99.99 


Note: Products are 
despatched from Australia, 
so local customs duty & 
£100 - £199.99 taxes may apply. 

£200 - £499.99 ° All pricing in 

£500+ Pounds Sterling 

Max weight 12Ib (5kg) * Minimum order £10 
Heavier parcels POA Prices valid until 
31/3/2011 


q * Optional 24V 80W to 240W operation upgrade y 


Using low cost, high capacity rechargeable cells, the kit 
will pay for itself in no-time! You can use any 1.2-1.5V 
cells you desire. Imagine the extra capacity you would 
have using two 9000mAh D cells in replacement of a low 
capacity 9V cell. 


\ > Kit supplied with PCB, and all electronic components 


KC-5038 £5.50 plus postage & packing 

This small kit enables you to obtain +15V, -15V or +15V 
DC from a number of different transformer 

and rectifier combinations. 


- +15V rails from 30V AC centre tapped 
(MM-2007) transformer 
¢ Kit includes PCB and all 
components for all 
options listed above 
* Transformer not included. 
Use Cat. MM-2006 £2.75 or 
MM-2007 £3.50 


KC-5434 £6.25 plus postage & packing 
An extremely useful and versatile kit that 
enables you to use a tiny trigger current - 
as low as 400A at 12V to 
switch up to 30A at 
50VDC. It has an 
isolated input, and is 
suitable for a variety of 
triggering options. The kit 
includes PCB with overlay and 
A all electronic components with clear instructions. 


Voltage Regulator 


KA-1797 £3.25 plus postage & packing 

A low-powered DC converter suited for many applications 
such as a peripheral computer power supply, powered 
speakers, modems, » 

music/MIDI keyboards, etc. Um 

Just plug it's input into 

your PC's internal 

power supply cable 

and have selectable 

regulated voltage out from 3 . 

to 15VDC. Output current capability is 


> around 1.5 amps depending on the size of 


heatsink used (heat sink sold separately). PCB plus 
electronic components included. 


HOW T0 ORDER 


www.jaycarelectronics.co.uk 

0800 032 7241* 

+61 2 8832 3118" 
techstore@jaycarelectronics.co.uk 

P.0. Box 107, Rydalmere NSW 2116 Australia 
“Australian Eastern Standard Time 


(Monday - Friday 09.00 to 17.30 GMT + 10 hours) 
Expect 10-14 days for air parcel delivery 


Order online: www.jaycarelectronics.co.uk 


r ¢ PCB: 185 x 101 . 
7 a BUILD SOMETHING | 


bursts of high levels of energy to reverse 
the sulphation effect. The battery condition 
checker is no longer included and the 
circuit has been updated and revamped to 
provide more reliable, long-term operation. 
It still includes test points for a DMM 

and binding posts for a battery charger. 


* PCB with solder mask and overlay 
* Components 
- Screen printed 
machined case 
6, 12 & 24VDC 


Note: Not 
recommended for 
use with gel batteries 


Battery Checker 
KC-5482 £29.00 plus postage & packing 


. The first versions of the battery zapper 


included a checker circuit. The Mk III 
battery zapper (KC-5479) has a separate 
checker circuit - and this is it. It checks 
the health of SLA batteries prior to 
charging or zapping with a simple LED 
condition indication of fair, poor, good etc. 


- Overlay PCB and electronic components 
* Case with machined and silk-screened 


front panel . ' , 
; Dont just sit there 


| KA-1778 £3.75 plus postage & packing 


This tiny circuit measures just 25mm x 25mm and will 
provide power indication and low voltage indication 
using a bi-colour LED, and can be used in just about any 
piece of battery operated equipment. 
Currentconsumption is only 3mA at 6V and 8mA at 

10V and the circuit is suitable 

for equipment powered from 

about 6-30VDC. With a 

simple circuit change, the 

bi-colour LED will produce a 

red glow to indicate that the 
voltage has exceeded a preset “S0Rh — vga te 
value. vas 3 


| + PCB, bi-colour LED and all specified 
4 electronic components supplied 


KV-3595 £36.25 plus postage & packing 

This 4 input switcher can be given an IP address which 
allows you to switch up to 4 devices. Turn on your 
security cameras and view what's going on at your 
premises by switching your cameras on from anywhere 
in the world! TVs, air conditioners, lighting, or other 
home appliances can be switched on or off by utilising 
this pasword protected module. 


- Polarity protection 


| + Supports; HTTP IP, DDNS and DHCP 
A Embedded Web Server 


aycar 
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A roundup of the latest Everyday 
News from the world of 
electronics 


Downloads vs discs - a cloudy forecast? by Barry Fox 


isitors to the Consumer Electronics Show 
(CES) in Las Vegas in January would 

be excused thinking that the future of movie 
viewing lies in downloading and the end is 
nigh for physical movie media such as DVD/ 
Blu-ray. But the reality may be different. 

‘Total freedom of entertainment’, is what 
the Digital Entertainment Content Ecosystem 
(DECE) promises from its new cross-plat- 
form download standard called UltraViolet. 
‘One simple powerful system that puts you in 
charge will redefine how you watch’. 

‘Beginning mid-2011, consumers will 
be able to experience UltraViolet’ declared 
DECE, promising ‘a roadmap for introduc- 
ing UltraViolet content, services and devices 
to consumers beginning in mid-2011, with 
planned expansion to the UK and Canada, 
and the release of technical specifications for 
evaluation by potential licensees.’ 

The system ‘launch’ event at CES featured 
a panel discussion with top-level executives 
from Hollywood and the IT and electron- 
ics industries. Their discussion was moder- 
ated by an apparently non-technical reporter 
from the Los Angeles Times, who left loose 
ends untied and took no audience questions. 


The DECE’s PR squad was on hand to block 
any attempt at interviewing the panellists 
afterwards. Whether by intent or clumsy ac- 
cident, the organisers failed to identify the 
panellists with name cards! 

DECE promises that “UltraViolet will al- 
low consumers to purchase digital content 
and watch it wherever, whenever.’ 

‘UltraViolet will launch with movies and 
TV shows in mid-2011’ says Mark Teitell, 
general manager and executive director of 
DECE, admitting that the concept of down- 
loading movies has so far failed to catch on 
and needs a ‘do-over’. 

‘The UltraViolet logo tells people they 
have the right to enjoy what they buy’, he 
says. ‘All they will have to do is set up a free 
account, with no credit card needed, to cre- 
ate a library for ‘my UV collection’. They can 
use what they buy on 12 devices, and remove 
old devices from the account to add new ones. 
By the end of 2011, there will be a common 
file format that allows WiFi sharing round the 
house. Consumers will see the UV logo on 
discs and on the World Wide Web.’ 

Thomas Gewecke, president, Warner Bros 
Digital Distribution, thought that consumers 


would feel confident knowing that “every- 
thing comes with a copy on the cloud’ and 
‘people will move from wanting something 
physical to wanting access to a digital locker’. 

He did not address the fact that for Joe Pub- 
lic, a ‘cloud’ is something that is constantly 
changing. 

Although DECE has 60 members, Apple 
and Disney are notably not among them. Jean- 
Briac Perrette, president, Digital and Affiliate 
Distribution, NBC Universal, feels confident 
that Disney ‘will come in’ and in the case of 
Apple ‘it is them versus everyone else’. 

The other possibility — ignored by the panel 
— 1s that Apple could license its proprietary 
DRM so that non-Apple devices can work 
with iTunes. 

Chris Homeister, senior vice president 
and general manager, Home Entertainment 
Group, Best Buy, admitted that ‘the techni- 
cal specifications are just being finished’ and 
Tae-Jin (TJ) Kang, senior vice president, Me- 
dia Solution Centre, Samsung Electronics, 
confirmed: ‘Our roadmap for 2011 is already 
set, SO we are now planning for 2012. With 
mobiles we have to work with the carriers. So 
we have not set dates or plans’. 


Security risks of weak passwords and PINs 


| ees of poorly-chosen _pass- 
words and weak authentication security 
is putting Internet users at risk of a serious 
security breach, according to security experts 
at Corsaire. In fact, although many people 
believe that the latest security solutions be- 
ing employed in areas like e-commerce and 
online banking will protect them from fraud- 
sters, this may not always be the case. 

For Internet users, the process of authenti- 
cation is typically achieved with the submis- 
sion of a username and password. In some 
cases, users are also required to enter addi- 
tional personal information (such as date of 
birth) or to enter a selection of digits or char- 
acters from a second ‘secret’ value. 

Unfortunately, however, many password 
policies still do not include this ‘second tier’ 
of security, nor do they attempt to encourage 
some form of complexity within password se- 
lection. For example, many systems allow the 
user name and password to be the same, while 
others allow very short passwords to be used. 

According to Corsaire, one of the weakest 
passwords for online transactions is the PIN, 
especially if a customer is using the same PIN 


with both a cashpoint card and for online bank- 
ing. Not only is a PIN a weak authenticator 
because of its short numeric value, but users 
may also be tricked into disclosing their PIN to 
a third party, which could expose the ‘physical’ 
card to the possibility of a ‘virtual’ attack. 

‘Using the PIN from your cashpoint card as 
an online password is a very bad idea from a 
security point of view, and should be avoided,’ 
says David Ryan, associate principal security 
consultant with Corsaire’s Security Assessment 
Team. “PINs are arguably secure in the real 
world as they are used in closed systems with 
strict lockout criteria, but these benefits are lost 
when these same credentials are used online.’ 

Instead of encouraging their online cus- 
tomers to use a PIN or a simple password, 
Corsaire has been urging banks and other 
organisations to implement password poli- 
cies that are based on minimum character 
lengths, and which include reasonable com- 
plexity. This can provide a solid, inexpen- 
sive way of authenticating users, but only if 
the policy on passwords is being enforced, 
and if users are given guidance on what is a 
strong password. 


Multi-word “passphrases’ should also be 
promoted in place of passwords, according to 
Corsaire, in order to make attacks from online 
criminals more difficult. The main advantage 
a passphrase has over a password is that the 
length can be significantly increased, without 
making the password overly complex, and 
can thus increase the overall strength of the 
user’s password by multiple factors. 

In recent reports, Mr Ryan has revealed 
how a weak online ‘identity’ can have a cas- 
cading effect on the remainder of the security 
system. If an attacker can identify users of the 
system (by using someone’s email addresses 
as his ‘user name’, which is now a common 
practice), they may be able to mine public 
data sources, such as search engines and so- 
cial networks, to identify personal details, 
preferences and other pieces of data that may 
be useful in breaching the security of the sys- 
tem. Personally identifiable data (PID), such 
as date of birth, telephone number and other 
pieces of information should also be avoided 
for authentication purposes, since this kind 
of personal data can be easily discovered via 
both online and offline means. 

See Techno Talk for more ‘horror stories’ 
on Chip-and-PIN. 
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Optical Finger Navigation module released 


arallax have released their new 
Optical Finger Navigation 
(OFN) Module, a unique hu- 
man interface component 
for BASIC Stamp or 
Propeller projects. 
OFN modules 
are quickly 
becoming | 
popular as 
user input 
devices in 
many smart 
phones as a 
replacement __ for 
trackballs, which are 
subject to mechanical 
wear and tear. 

OFN technology is very 
similar to that used in optical 
mice, and movement across the sensor can 
be read by any microcontroller using [°C 
communication. 

When a finger moves across the surface of 
the OFN module, an onboard LED 1s activat- 
ed to light up the surface of the finger. The on- 
board “image acquisition system’ then obtains 


microscopic images of the finger surface, and 

those images are processed by the DSP (digi- 

tal signal processor). 

The DSP then mathematically determines 

the direction and magnitude of the finger’s 

movement and calculates the delta-x 

and delta-y relative displacement 

values. A microcontroller can 

then read these values using 

simple ?’C communication. 

~  OEFN technolo- 

gy features include: 

¢ Built-in centre select 
button 

¢ Onboard red LED, which 
lights when finger move- 
ment is detected 

* Easy ’C communication interface 
with virtually any microcontroller 

¢ Onboard voltage regulator con- 
ditions I/O to 3V maximum for 
compatibility with 3.3V devices, 
even when 5.5V is supplied. 

° User-selectable 500 to 1000 counts 
per inch (cp) resolution 

° User-definable 0 or 90° module 
orientation 


¢ Breadboard-friendly package with 0.1-inch 
pin spacing 

OFN application ideas include, but are not 

limited to: 

¢ Video game input 

¢ Mouse replacement 

° User input for computing devices 


For further information and data sheets, visit: 
www.parallax.com. 


The new Parallax OFN module 


Moving holograms: from science fiction to reality 


University of Arizona team has devel- 
oped a new type of holographic telep- 
resence that allows the projection of a three- 
dimensional moving image, without the 
need for special eyewear such as 3D glasses 
or other auxiliary devices. 

Remember the Star Wars scene in which 
R2D2 projects a three-dimensional image of 
a troubled Princess Leia delivering a call for 
help to Luke Skywalker and his allies? What 
used to be science fiction is now close to be- 
coming reality thanks to a breakthrough in 
3D holographic imaging technology devel- 
oped by the College of Optical Sciences. 

It is claimed that the technology is likely 
to take applications ranging from telemedi- 
cine, advertising, updatable 3D maps and 
entertainment to a new level. 

The prototype device uses a 10-inch screen, 
but researchers are already successfully test- 
ing a much larger version with a 17-inch 
screen. The image is recorded using an array 
of regular cameras, each of which views the 
object from a different perspective. The more 
cameras that are used, the more refined the fi- 
nal holographic presentation will appear. 


That information is then encoded onto 
a fast-pulsed laser beam, which interferes 
with another beam that serves as a refer- 
ence. The resulting interference pattern is 
written into the photo-refractive polymer, 
creating and storing the image. Each laser 
pulse records an individual ‘hogel’ in the 
polymer. A hogel (short for holographic 
pixel) is the three-dimensional version of 
a pixel, the basic units that make up the 
picture: 

The hologram fades away by natural 
dark decay after a couple of minutes or 
seconds depending on experimental pa- 
rameters. Or it can be erased by record- 
ing a new 3D image, creating a new dif- 
fraction structure and deleting the old 
pattern. 

Currently, the telepresence system can 
present in one colour only, but the team 
have already demonstrated multi-color 3D 
display devices capable of writing images at 
a faster refresh rate, approaching the smooth 
transitions of images on a TV screen. These 
devices could be incorporated into a telep- 
resence set-up in near future. 


Firefox overtakes Internet Explorer in Europe 


irefox overtook Microsoft’s 

Internet Explorer to 
become the number one 
browser in Europe in De- 
cember 2010, according 
to StatCounter, the free 
website analytics com- 
pany. The firm’s research 
arm StatCounter Global 
Stats reports that in De- 
cember, Firefox took 
38.11% of European 
market share, compared to 
TES 37 527: 


“This is the first time that In- 
ternet Explorer has been de- 
throned from the number 
one spot in a major ter- 
ritory, commented Aod- 
han Cullen, chief execu- 
tive, StatCounter. “This 
appears to be happen- 
ing because Google’s 
Chrome is stealing share 
from Internet Explorer, 
while Firefox is mainly 
maintaining its existing 
share.’ 
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EMOTIONAL 
COMPUTERS 


7 aie a computer that can read our 
emotions could lead to all sorts of new 
applications, including computer games 
where the player has to control their emo- 
tions while playing. 

Thomas Christy, a Computer Science PhD 
student at Bangor University is hoping to bring 
this reality a little nearer by developing a sys- 
tem that will enable computers to read and 
interpret our emotions and moods in real time. 

Tom’s work focuses on ‘hands-on’ pattern 
recognition and machine learning. His super- 
visor is a world expert in pattern recognition 
and classification, specifically in classifier 
ensembles. A classifier ensemble is a group 
of programmes that independently analyse 
data, and decide to which label or group the 
data belongs. The final decision is reached by 
a ‘majority’ or consensus, and is often more 
accurate than individual classifier decisions. 

The plan is to combine brainwave informa- 
tion collected from a single electrode that sits 
on the forehead as part of a ‘headset’, a skin 
conductance response (which will detect tiny 
changes in perspiration as first indicators of 
stress) and a pulse signal, reflecting the wear- 
er’s heart rate. This information will form the 
data fed into a classifier ensemble set to de- 
termine a person’s emotion. 

Tom is aiming to pioneer classification 
software techniques that will allow players’ 
emotions to be identified within the gaming 
environment. This will open up new and ex- 
citing markets for the gaming industry. New 
games can be created; where players must 
control their feelings in order to advance 
within their virtual environment. 

There are many other possible applications 
for this type of technology; for example, to 
determine customer preferences and brand 
effectiveness, monitoring anxiety levels of sol- 
diers during military training, and providing 
instant neuro-feedback to combat addictive 
behaviours. 
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NEW, IMPROVED 


EREMI 


This design is an upgrade of our most popular Theremin, which 
was featured in the May/June 2008 issue. We have added a voicing 
control, incorporated a larger loudspeaker and increased the 
power output. We’ve also changed the power supply to avoid 
problems with switchmode DC plugpacks. 


By JOHN CLARKE 


UST in case you are not familiar with the Theremin, 
a here is a brief rundown on this most unusual device. 

It is an electronic musical instrument that can be 
altered in pitch and volume using proximity effects. 

To play the instrument, the right-hand is moved hori- 
zontally toward the antenna to increase the pitch and away 
from the antenna to reduce the pitch. Left-hand movements 
over the horizontal plate provide volume control. The vol- 
ume is reduced as you move your hand closer to the plate. 

In operation, the pitch change afforded by the antenna 
is infinitely variable over several octaves. In some ways, 
this is similar to playing a trombone, whereby the slide 
is moved back and forth to vary the pitch. Although most 
people can play the instrument at first attempt, an ear for 
pitch and fine hand control are essential requirements to 
become proficient at playing the Theremin. 

Several fine performances by Peter Pringle using a 
Theremin are presented at www.peterpringle.com/therem- 
inmp3s.html. These demonstrate only a fraction of what 
can be accomplished with a Theremin in the hands of a 
skilled musician. The same website has links to YouTube 
performances, some of which are quite remarkable. 


Electronic music 


The fascination with 
the instrument, when 
it was first invented 
by Leon Theremin in 
1919, was that it rep- 
resented a revolution- 
ary change in think- 
ing about how music 
could be produced. It 


Specifications 
Power requirements 2\ 
Current draw: ......... 30! 


Output frequency range st 
Volume control range 6 
Audio output level 
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challenged traditional stringed, brass and percussion musical 
instruments. Its design eventually led to the development of 
the Moog Synthesiser and electronically synthesised music 
in general. Even today, that fascination with producing 
sounds electronically is still prevalent. If you are interested 
in the history of the Theremin there is more information in 
the section headed “Theremin Origins’. 

The Theremin invention was not only ‘instrumental’ in 
the development of electronic music; it also had an impact 
on a free-form style of playing music. The free-gesture hand 
control afforded by the Theremin was the harbinger of the 
modern Sensor Chair synthesiser controller, where the whole 
body becomes a part of the musical generation process. 

Before this, Jimi Hendrix was creating new sounds by 
generating feedback between his guitar and the amplified 
sound and then moving his body to modulate the ampli- 
tude. It freed him from the restriction of generating music 
solely by plucking the guitar strings. 

In recent times there has been quite a renewal of interest 
in the Theremin, and there is a lot of information on the 
Internet. However, none of it is really helpful if you want 
to build your own Theremin. 

This is where the Theremin project described here 
comes into the picture. It uses just three low-cost ICs and 
a handful of other com- 
ponents. Our Theremin 
is considerably smaller 
than the original design 
too, although you could 
build it into a larger 
timber box if you prefer. 

As noted above, this 
design is an upgraded 


inimum or 12V DC at 250mA 
rom loudspeaker, 
lume 


ves, from 50Hz to >2kHz 
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~ AS5kHz 
REFERENCE 


PITCH 
OSCILLATOR 
(Q2,T2) 


VOLUME 
OSCILLATOR 
(Q3,T3) 


version of our very popular Theremin that was published 
in May/June 2008. Interest in that project far exceeded 
expectations and kits are still being built around the world 
in large numbers. Compared to the old design, this latest 
Theremin is easy to construct, with minimal wiring, and 
it also includes a larger internal loudspeaker. 

It is built into a medium-sized plastic box, with the 
antenna and volume plate mounted at opposite ends. The 
internal loudspeaker is for practice sessions and a line out- 
put is included for connection to a sound system. The only 
manual controls are an on/off switch and volume control for 
the loudspeaker. A 12V AC adaptor powers the Theremin. 

The original Theremin was designed to run from a 9V 
DC plugpack. However, DC plugpacks now being sold are 
mostly switchmode types and these do not work well witha 
Theremin. They can produce extraneous pitch changes, be- 
cause a Theremin relies on very small capacitance changes 
with respect to earth (ground) to alter the pitch of the tone. 

Switchmode plugpacks effectively ground capacitance 
either at the switching rate and/or the mains frequency (50 
or 60Hz). This will cause a Theremin to misbehave unless 
the power supply earth is fully grounded. 

The way around this dilemma is to change the supply to 
use a plugpack with an AC output. In this case, there is no 
internal switchmode circuitry and therefore no extraneous 
pitch changes. 


Voicing 
The original design produced a fairly pure sinewave 
tone that was not fully characteristic of a Theremin, which 


This shows the Theremin output at 100Hz with the minimum 
setting for the voice. The sound is relatively pure and similar 
to the original Theremin 


12 


LOUDSPEAKER 


LOW-PASS 
FILTER 
(IC2a) 


Fig.1: the Theremin 
circuit comprises 
r 7 three virtually 
ae. identical oscillators, 
(D6) two to generate the 
; tone and one to 
control the volume. 


AMPLIFIER & 
LEVEL SHIFTER 


VR3 RANGE 


should have a richer harmonic content. Hence, the new 
design includes a voicing control. This varies the tone 
from a pure sinewave to something akin to a cello sound at 
low frequencies, extending to soprano voice at the higher 
frequencies. 

Below and on the facing page, we have included a number 
of screenshots from Nero Wave Editor (see separate panel 
to see how we did it) to show the typical waveforms avail- 
able from our new design. 


How it works 


The block diagram of Fig.] shows the basic arrangement 
of the Theremin circuit. It comprises three oscillators that 
all operate at about 455kHz. A beat signal is generated by 
mixing the reference and pitch oscillators together to pro- 
duce an audible tone. The volume oscillator is then used 
to change the level of the tone output. 

The reference oscillator operates at a fixed frequency and 
is mixed with the pitch oscillator in the product detector 
(IC1). The pitch oscillator changes in frequency depending 
upon the amount of capacitance to earth presented by your 
hand near the antenna. 

The product detector essentially mixes the reference 
oscillator (f,) with the pitch oscillator (f2) to produce sum 
(f, + f.) and difference (f2 — f;) frequencies. 

The sum (f;, + f2) signal is around 900kHz and is 
removed with a low-pass filter. After filtering, we are 
left with the difference signal of fz — f;. This normally 
comprises audio frequencies from 2kHz down to below 
10Hz. 


Now the same 100Hz frequency, but with the voicing adjusted 
to maximum. The sound produced by this waveform is 
reminiscent of a cello 
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So, if the pitch oscillator frequency is 456kHz and the 
reference oscillator is at 455kHz, we will obtain a 1kHz 
audio output from the low-pass filter. If both the pitch and 
the reference oscillators are at the same frequency, then 
there will be no audio output. 

Varying the coupling between the pitch and reference 
oscillators provides for voicing. When the pitch oscillator 
frequency differs from the reference oscillator we obtain 
an output tone, and the difference in frequency between 
the two oscillators tends to ‘pull’ or distort the f, — f; wave 
shape so that it is not a sinewave. Potentiometer VR2 allows 
adjustment of the coupling and its consequent waveform 
distortion or voicing. 

Audio output from the low-pass filter is applied to a 
power amplifier to drive a loudspeaker. The overall volume 
from the amplifier is set by the volume control VR1. 

The sensor plate or disc controls the volume oscillator. 
As you bring your hand closer to the loop, the frequency of 
the volume oscillator decreases. This is fed to a bandpass 
filter that has a centre frequency (f,) that is higher than the 
volume oscillator frequency. 

As the frequency of the volume oscillator increases, the 
level from the bandpass filter will also increase as it ap- 
proaches the centre frequency. Similarly, as the frequency 
of the volume oscillator decreases, the level from the 
bandpass filter will also decrease. Fig.2 shows the output 
of the bandpass filter in response to the change in volume 
oscillator frequency. 

This signal level is detected using a diode and filtered 
to produce a DC voltage. Amplifier IC2b increases the DC 
voltage and the level shifter sets the voltage so that it can 
control the product detector output level over a suitable 
range via its bias input. Changing the biasing of IC1 alters 
the gain of this product detector. 


Circuit details 


The full circuit diagram of the Theremin is shown 
in Fig.3. It comprises three JFETs (junction field-effect 
transistors), four pre-wound IF (intermediate frequency) 
transformers, three ICs, several diodes, a 3-terminal 9V 
regulator and associated resistors and capacitors. 

All three oscillators are essentially identical. Each os- 
cillator comprises a JFET and a standard IF transformer. 
These IF transformers are commonly used in low-cost AM 
radio receivers. Each IF transformer comprises a tapped 
main winding and a parallel-connected capacitor to form 
a tuned circuit. The secondary winding couples the oscil- 
lator signal to the following circuitry. 

Each JFET drives a portion of the primary winding (ie, 
between the tapped connection at pin 2 and ground) while 
the signal across the full winding is applied back to the 


At 400Hz, the above waveform with minimum setting for 
the voicing has a near sinusoidal shape and sounds ‘pure’ 
in tone 
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Fig.2: the output of the bandpass filter in response to the 
change in volume oscillator frequency. As the frequency ofthe 
volume oscillator increases, the level from the bandpass filter 
will also increase as it approaches the centre frequency of 
the filter. Similarly, as the frequency of the volume oscillator 
decreases, the level from the bandpass filter will also decrease 


gate via a 68pF capacitor. This provides positive feedback 
to ensure oscillation. 

To make them controllable by hand capacitance, the pitch 
and volume oscillators have the pitch antenna and volume 
disc attached to the top (ie, active end) of the tuned coils, 
where they will have the most effect. 


Diode coupling 

Diode D5 connects the signal from pin 2 of transformer 
T1 (reference oscillator) to pin 2 of transformer T2 (pitch 
oscillator) via 10nF capacitors. The diode is used as part of 
a capacitive divider with the 10nF capacitors, whereby its 
junction capacitance varies with the applied reverse voltage 
across it. This reverse voltage is provided by trimpot VR2 
and can be adjusted between 0 and 9V. The diode anode 
(A) connects to ground (OV) via a 100kQ resistor, while 
the cathode (K) connects to the wiper of VR2 via another 
100kQ resistor. 

With VR2 wound fully up to the OV supply, there is no 
reverse voltage across D2 and this provides the maximum 
capacitance across the diode and therefore maximum cou- 
pling between the two oscillators. 

When VR2 is wound fully toward the positive 9V supply, 
the diode is reverse biased and provides minimal capaci- 
tance. Maximum capacitance of the diode is very small, at 
around 4pF, but this is sufficient to produce the coupling 
action required. 

The reference oscillator is applied to the signal input (pin 
1) of an MC1496 balanced mixer, IC1. The pitch oscillator 


While at the maximum voicing setting for 400Hz, the 
waveform is not so pure and has the tonal characteristic of 
a soprano voice 
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signal is attenuated using a 3.3kQ resistor and the 1kQ 
resistor before being applied to the carrier input at pin 10. 
This reduction in signal level is to prevent overloading the 
mixer stages of IC1. Resistors between the +9V supply and 
eround set the bias voltages for the inputs of the balanced 
mixer, while the 1kQ resistor between pins 2 and 3 sets 
the gain of the circuit. 

IC1 provides a balanced output with signals at pin 6 and 
pin 12. These complementary outputs are filtered with a 
2.2kQ pull-up resistor and a 47nF capacitor to produce a 
roll off above about 1.5kHz. This roll off heavily attenuates 
frequencies at 455kHz. 

The output from pin 12 is AC-coupled to op amp IC2b. 
IC2b is biased at half-supply using the two 100kQ voltage 
divider resistors across the 9V supply. 

This biasing allows the op amp to produce an output 
of 600mV (~850mV peak) above and below 4.5V without 
clipping. IC2b’s output signal also goes to the line output 
terminal. 

IC3 is an LM386 1W amplifier that drives the loudspeaker 
via a 470uF electrolytic capacitor. The 47nF capacitor and 
series 10Q resistor form a Zobel network to prevent spuri- 
ous oscillation from the amplifier. 


Volume oscillator 


Output from the volume oscillator at the secondary wind- 
ing of T3 (pin 6) is AC-coupled to the base (B) of transistor 
Q4. This is connected as acommon-emitter amplifier, with 
the collector load being a parallel-tuned circuit comprising 
an IF coil with internal capacitor. 

Transformer T4 and the associated capacitor are tuned 
to a frequency just above the maximum available from the 
volume oscillator. The emitter resistor is bypassed with a 
470pF capacitor to provide a roll off below about 500kHz. 

The output level from T4 will vary in proportion to the 
frequency from the volume oscillator. This is because the 
filter provides a sharp roll off below its tuning frequency, 
and small changes in frequency below the centre frequency 
will cause large changes in the filter response. The action of 
this circuit is a simple frequency modulation (FM) detector. 

The high frequency signal from T4 is rectified by diode 
D6 and filtered to provide a DC signal, which is amplified 
by op amp IC2a. 

Amplification can be up to about 220 times with trimpot 
VR3 set at 0Q. Typically, the gain is about 100, since VR3 
is set so that IC2a’s output sits at about 7V with the hand 
away from the volume plate or disc. IC2a’s output is then 
fed, via a 6.8kQ current-limiting resistor, to the bias input 
of IC1 at pin 5 to vary the level of the audio signal. 


Power supply 


As mentioned earlier, power for the circuit comes from 
an AC plugpack. Alternatively, the Theremin could be 
powered from a 12V battery or an earthed DC power supply. 
As already noted, a 12V DC switchmode plugpack supply 
is not suitable. Most “‘plugpack’-type supplies sold these 
days are switchmode types, so be careful with this one! 

Switch S1 applies power to the circuit. The 470nF 
capacitors on each side of the input supply ground the 
AC connections to swamp any capacitance effects of the 
plugpack to ground. This ensures there are no spurious 
sounds from the Theremin due to the plugpack. 
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Theremin Origins 


In 1919, a Russian physicist named Lev Termen (or Leon 
Theremin as he is called in the West) invented an electronic 
musical instrument called the ‘Theremin’. At that time, the 
Theremin was innovative and unique in the musical world, 
and was essentially the first electronic instrument of its kind. 
Playing it relied solely on hand movements in the vicinity of two 
antennas to control two electronic oscillators — one antenna to 
vary the p/tchof the sound and the other to change the vo/ume. 

In operation, the pitch change afforded by the antenna is 
infinitely adjustable over several octaves, with the frequency 
increasing as the hand is brought closer to the antenna. An 
ear for pitch and fine hand control are essential requirements 
to become proficient at playing the Theremin. 

To a large extent, the Theremin was made famous by recit- 
alist Clara Rockmore. Born in Lithuania in 1911, she was an 
accomplished violinist by the age of five. She began to learn to 
play the Theremin after meeting Leon Theremin in 1927, and 
developed a unique technique for playing the instrument. This 
involved minute finger movements to capture and modulate 
the tone of the note and enabled her to play the instrument 
with great precision. 

The Theremin was subsequently further developed and 
manufactured by the Radio Corporation of America (RCA) 
around 1929. This design consisted of a large box with an at- 
tached antenna and wire loop. The antenna provided the control 
for the pitch, while the loop enabled the volume to be adjusted. 

In practice, the pitch control antenna was mounted vertically 
while the volume loop sat horizontally, to minimise interaction 
between them. Of course, the circuit used valves. 

General Electric (GE) and Westinghouse also made Ther- 
emins in the 1920s. However, the number of units produced 
was quite modest, with only about 500 being made. 

Today, the Theremin is hailed as the forerunner of modern 
synthesised music and was instrumental in the development of 
the famous Moog synthesisers. Because of its unique sound, it 
has been popular with music producers for both film and live 
performances. The sound is ideal for background setting the 
scene for supernatural events and for close encounters with 
extraterrestrial beings in science fiction movies. 

Famously, a Theremin was used to produce background 
music in the feature film 7he Ten Commandments by Cecil B 
de Mille. Its eerie sounds have also made it ideal for science 
fiction movies, including the 1951 and the 2008 versions of 
The Day the Earth Stood Stilland [t Came From Outer Space, 
and in thriller movies such as Spe//bound and Lost Weekend. 

In addition, Bands such as the Bonzo Dog Band and Led Zep- 
pelin have embraced the Theremin. The Beach Boys used an 
instrument similar to the Theremin — called an Electro-Theremin 
(also named a Tannerin) — in their famous Good Vibrations hit 
from the 1960s. The Electro-Theremin differs from the Theremin 
in that it incorporates a mechanical controller to adjust the 
pitch rather than hand movements relative to an antenna. The 
sound, however, is very similar to the Theremin. 

Many commercial Theremins are available on the market 
today, including the Etherwave series from Moog Music Ine, 
PaiA’s Theremax and Wavefront’s Classic and Travel-Case 
Theremins. 
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Fig.4 (above): everything except the speaker, volume plate and pitch antenna mount on a single PC board, so construction 
and wiring should be quite easy. Note the differences in the transformers: three have white cores while one has a black core. 
This is very easy to see in the matching photo below — so don’t mix them up! 


Diodes D1 to D4 rectify the 12V AC voltage and this is then 
filtered with a 470uF capacitor to provide a relatively smooth 
16V DC supply for REG1, which is a 7809 3-terminal regulator 
that delivers 9V to the circuit. A 220uF capacitor close to the 
regulator output ensures stability and several 100uF capacitors 
decouple the supply at positions further away on the PC board. 


Construction 


Most of the parts for the Theremin are assembled onto a 
PC board, coded 795 and measures just 147mm x 85mm. 
This board is available from the EPE PCB Service. The 
circuit board is housed in a plastic utility box measuring 
158mm x 95mm x 53mm. 
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While our assembly description revolves around the 
plastic case with its small speaker, there is no reason why 
you couldn’t build it into a much larger case in keeping 
with a traditional musical instrument. An external power 
amplifier and loudspeaker would also make a considerable 
improvement to the overall sound quality. 

Indeed, fitting it into a large box may also improve the opera- 
tion — the ‘playability’ if you like — of the Theremin. Separating 
the pitch (antenna) and volume (plate) controls may give you 
more control over both. Note that we haven’t tried this idea out, 
but there is nothing to stop you doing it if you want. 

You can begin construction by checking the PC board 
for any defects such as shorts between tracks, breaks in 
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The control end of the Theremin - from left to right, the 
volume control, line output socket, power switch and 12V 
AC power input. 


the copper tracks and incorrectly drilled holes. Check the 
hole sizes for the IF transformers (T1 to T4), the PC mount 
components, including the power socket, the phono socket 
and potentiometer VR1. Four corner mounting holes should 
be drilled to 3mm. Holes for the PC stakes should be sized 
to suit their diameter; they should be a tight fit. 

Check that the PC board fits into the plastic case and 
that it has clearance for the corner pillars. The PC board 
should have its corners shaped to provide this clearance. If 
this has not been done, a rat-tail file can be used to shape 
each corner to the outline shown on the PC board pattern. 
Before proceeding further, mark out the hole positions for 
the four corner mounting points for the PC board on the 
base of the case, and drill these out to 3mm. 

The component overlay for the PC board and the wiring 
details are shown in Fig.4. The long link on the PC board is 
made using an 80mm length of hookup wire. It is cut and 
the end stripped so that it is held straight between the two 
PC pads on the PC board. You can now insert the resistors. 
Use the resistor table as a guide to selecting each value. In 
addition, use a digital multimeter to check each resistor 
value before it is soldered in. 

The three ICs can be mounted next, taking care with 
their orientation. Make sure that IC2 and IC3 are placed 


Here’s how the pitch antenna mounts: a small cutout in the 
case lid allows it to be mounted to the side of the case via the 
screw Clearly visible in this photo. 
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Parts List — Theremin 


1 PC board, code 795, available from the EPE PCB 
Service, size 147mm x 85mm 

1 plastic utility box, 158mm x 95mm x 538mm 

1 front panel label, 155mm x 92mm 

1 12V AC 500mA plugpack (do not use a switch- 
mode 12V DC plugpack) 

1 telescopic antenna, 6.5mm largest diameter 
(875mm fully extended) (pitch antenna) 

1 80 x 95mm aluminium plate, 1mm thick (for volume) 

1 PC-mount DC socket (2.5mm diameter pin) 

1 panel-mount phono socket 

1 SPDT miniature PC-mount toggle switch ($1) 

1 75mm 8Q loudspeaker 

3 2nd IF coils (white) (T1 to TS) 

1 3rd IF coil (black) (T4) 

1 mini TO-220 heatsink, 19 x 19 x 9.5mm 

1 knob to suit potentiometer, with 2 nuts 

2 solder lug eyelets 

1 2-way pin header plug and socket 

12 M3 x 10mm screws 

3 M3 nuts 

4 9mm tapped nylon standoffs 

4 stick-on rubber feet 

1 260mm length of medium-duty hookup wire 

1 80mm length of light duty hookup wire (wire link) 

1 100mm cable tie 

7 PC stakes 


Semiconductors 

1 MC1496P balanced modulator (IC1) 

1 LM358 dual op amp (IC2) 

1 LM386N-1 1W audio amplifier (IC3) 

1 7809 3-terminal regulator (REG1) 

3 2N5484 or 2N5485 N-channel JFETs (Q1-Q3) 
1 BC548 NPN transistor (Q4) 

4 1N4004 1A diodes (D1 to D4) 

2 1N4148 signal diodes (D5,D6) 


Capacitors 

1 470uF 25V PC electrolytic 
1 470uF 16V PC electrolytic 
3 100uF 16V PC electrolytic 
3 10uF 16V PC electrolytic 
1 2.2uF 16V PC electrolytic 
2 470nF MKT polyester 

1 220nF MKT polyester 

8 100nF MKT polyester 

3 47nF MKT polyester 

2 10nF MKT polyester 

1 470pF ceramic 

3 220pF ceramic 

3 68pF ceramic 


Resistors (0.25W, 1%) 

1330kQ 1220kKQ2 8100kKQ 210k 
13.3kQ 32.2kKQ 11.2kQ 91kQ 
168002 11500 #11000 1 10Q 
1 10kQ log 16mm potentiometer (VR1) 

1 10kQ horizontal trimpot (VR2) 

1 2kQ multiturn, top adjust trimpot (VR3) 
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Resistor Colour Codes 


4-Band Code (1%) 
orange orange yellow brown 


5-Band Code (1%) 
orange orange black orange brown 


Value 
330kQ 


220kQ 
100kQ 
10kQ 
6.8kQ 
3.3kO 


2.2kKQ 
1.2kQ 
1kQ 

8200 


red red yellow brown 
brown black yellow brown 
brown black orange brown 
blue grey red brown 
orange orange red brown 
red red red brown 

brown red red brown 
brown black red brown 
grey red brown brown 


68002 
150 
1000 
10 


blue grey brown brown 
brown green brown brown 
brown black brown brown 
brown black black brown 


Ty a a) aa Ha i Hy Ey a He HS ae ey 
= ae en Ok Go ee RS OD 


in their correct positions. Next, the capacitors can be 
mounted, noting that the electrolytic types are polarised 
and must be oriented with the correct polarity, as shown 
in Fig.4. The MKT and ceramic types are coded and you 
can cross-check these codes against the values shown in 
the table opposite. 

PC stakes are used for the antenna and volume disc con- 
nections, for the test points TP1 to TP3 and TP GND and 
for securing VR1 to the’P@ board. These can be inserted 
and soldered in now. In addition, the:2-way pin header for 
the loudspeaker connection can be inserted now. 


How it all g 
The PC board needs t 

its corners shaped to fit around 
the case pillars; the volume 
plate and pitch antenna fasten 
to the sides of the case. Note 
the case lid cutout for the pitch 
antenna. 
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red red black orange brown 
brown black black orange brown 
brown black black red brown 
blue grey black brown brown 
orange orange black brown brown 
red red black brown brown 
brown red black brown brown 
brown black black brown brown 
grey red black black brown 

blue grey black black brown 
brown green black black brown 
brown black black black brown 
brown black black gold brown 


Transformer mounting 

Transformers T1 to T4 are mounted as shown in Fig.4 and 
photos. Be sure to place the ones with the white slugs (the 
threaded ferrite core) in the T1 to T3 positions, and the coil 
with the black slug in the T4 position. 

Now mount JFETs Q1-Q3 (2N5484), transistor Q4 (BC548) 
and the 7809 3-terminal regulator, REG1. The 1N4004 di- 
odes D1 to D4 and the 1N4148 types for D5 and D6 can be 
mounted next, taking care with their orientation. REG1 can 
be installed after the heatsink is attached to the metal tab, 
using an M3 x 10mm screw and nut. 


Constructional 
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HOLE D: 5mm DIAMETER 
HOLE E: 6mm DIAMETER 


HOLE B: 6.5mm DIAMETER 
HOLE C: 10mm DIAMETER 


END OF UB1 BOX CUTOUTS 


Fig.5: the ‘Controls’ end of the box showing the cutouts 
required. Hole B is for the volume pot, C the line out, D is for 
the power switch and E is for the 12V AC power in. 


Trimpots VR2 and VR3 can be mounted now. Potentiome- 
ter VRI may require the shaft to be cut to length to suit the 
knob. The potentiometer is mounted in position as shown 
in Fig.4, and is supported using two PC stakes just behind 
the potentiometer body. 

Scrape or file off the passivated coating on the potentio- 
meter body just at the positions where the PC stakes make 
contact. This will allow the PC stakes to be soldered to the 
potentiometer body. The soldering holds the potentiome- 
ter secure and the lower PC stake earths the potentiometer 
body to the circuit ground. Attach a nut to the pot-securing 
thread. This is used as a spacer between the box and pot. 

Next, the power socket, switch (S1) and the phono socket 
can be inserted and soldered in place. 

With the PC board complete, you are ready to work on 
the case. You will need to drill holes in the sides of the 
box for the DC panel socket, the phono socket and for the 
antenna-securing screw. 


Volume plate 

The volume plate is made from 1mm gauge aluminium, 
shaped as shown in Fig.6. One end is bent over at right 
angles so it can be secured to the side of the box using M3 
screws and nuts. Mark out and drill the holes required in 


Looking inside the open case, this photo shows how the 
volume plate is secured. 
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HOLES A ARE 3mm DIAMETER MATERIAL 1mm ALUMINIUM 
ALL DIMENSIONS IN MILLIMETRES 


Fig.6: the 1mm-thick aluminium volume plate. Both these 
diagrams are reproduced same size. 


the side of the box. The aluminium disc is connected via 
a lead and solder lug to the PC board. 

The antenna is attached to the side of the case with a 
10mm-long M3 screw that screws into the tapped base of 
the antenna. Mark and drill the hole in the side of the box. 
An eyelet is clamped between the box and antenna to make 
the wire connection to the PC board. Note that the lid of 
the box will require a half-circle cutout to accommodate 
the antenna. 

Mark and drill out the holes in the end of the box for 
the potentiometer, phono socket, power switch and power 
socket, as shown in Fig.5. Mount the PC board onto four 
9mm tapped spacers using four 10mm M3 screws. Slide the 
PC board into the box so that the PC-mount components 
enter the holes and then push the opposite edge of the PC 
board down into the box. 


EIA Code 
474 
224 
104 
ave 
103 
471 
221 


IEC Code 
470n 
220n 
100n 
47n 
10n 


uF value 
0.47uF 
0.22uF 
0.1 uF 


0.047uF 

0.01 uF 
NA 470p 
NA 220p 
NA 68p 68 
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Displaying the Theremin waveforms 


The waveforms on pages 12 and 13 were recorded using Nero 
Wave Editor. Similar waveforms can be displayed using the NCH 
Wavepad or Audacity software, or similar. 

The signal from the Theremin was connected to the line input 
of the computer. An adaptor lead (phono plug to 3.5mm stereo 
jack) is required to connect the Theremin output to the computer 
input. The recording will be in either the left or right channel as the 
single phono output will only connect to one channel or the other. 

In Windows XP the signal levels are set to prevent clipping of the 
signal, by selecting <Control Panel>, <Sounds and Audio Devices 
Properties>, <Sound Recording Volume> and then adjusting the 
Line In slider. 


level below the OdB 


44.1kHz sample rate. 
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The recorded signal can then be expanded out to see the 
waveform in detail using the zoom in feature. 
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The internal speaker is secured to the lid with silicone sealant 
or other suitable adhesive. 


Secure the PC board to the box with four M3 x 10mm 
screws into the 9mm standoffs from beneath the box. At- 
tach the four rubber stick-on feet. 

Attach the volume disc to the end of the case using two 
M3 x 10mm screws and nuts and with the eyelet for the 
volume disc wire clamped under a nut. 

The loudspeaker is centrally mounted on the lid, which 
has a pattern of holes to let the sound out. We used 9 x 
6.35mm holes, with one in the centre and eight spaced 
evenly on a 16mm radius. The loudspeaker is attached to 
the lid of the case using contact or other suitable adhesive. 
Before affixing it, make sure that when the lid is placed 
in position, the speaker terminals face towards the 2-way 
connector on the PC board. 

The loudspeaker is wired to the 2-way header socket 
on the PC board using two 70mm lengths of hookup wire. 
A cable tie wrapped around the wire and under the steel 
speaker frame at the loudspeaker connector will help pre- 
vent the wires breaking away from the connector. 


Setting up 

When your Theremin is complete, check your work care- 
fully. Apply power and confirm that there is 9V between 
TP1 and TP GND (the voltage could range from between 
8.75V and 9.25V). 

Using a suitable alignment tool, wind the ferrite slug for 
T2 clockwise until there is resistance to movement (do not 
force it). Then count the number of turns to wind it out 
anticlockwise completely. Set the slug half way between 
the two extremes. 


Volume alignment 


You must carry out the volume and pitch adjustments 
away from the effects of metallic objects, otherwise the 
Theremin will require retuning when removed from these 
erounding sources. 

Wind the slug for T3 fully anticlockwise and then out 
again, counting the number of turns. That done, set T3 about 
30% of turns anticlockwise. This will set the frequency of 
the volume oscillator (T3) to below the frequency of the 
pitch oscillator (T2) to prevent extraneous sounds that can 
be emitted if the two oscillators are close in frequency. 
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Now adjust T4’s slug (with your hand and any multi- 
meter wires away from the volume disc) so that there is 
2.5V between ‘test points’ TP GND and TP2. Move your 
hand close to the volume disc and the voltage should 
drop in value. If the voltage goes up, readjust T4’s slug 
anticlockwise with your hand away from the disc. Adjust 
it until the voltage increases and then drops back to 2.5V. 
Measure the voltage between TP3 and TP GND and set 
VR3 so that there is 7V, with your hand away from the 
volume disc. 

Check that the voltage falls to OV for a reasonable range 
of hand movement over the plate. You can change the 
range of volume control by adjusting the setting of the 
slug in T4. 

Setting transformer T4 so there is more than 2.5V at 
TP2, with your hand away from the plate, will reduce 
the overall volume range, while setting the TP2 voltage 
to less than 2.5V will increase the overall range. Note 
that the TP3 voltage will have to be set to 7V again using 
trimpot VR3 (with your hand away from the disc) after 
setting T4’s slug to give a new value at TP2. 


Pitch alignment 


Now you are ready to align the pitch control. Set the 
volume potentiometer (VR1) slightly away from minimum 
setting. Set the telescopic antenna so that just the two larger 
sections are extended. 

Using a suitable alignment tool, rotate the slug in 
transformer T1 slowly until a tone is heard in the 
loudspeaker. Then adjust it to obtain a good frequency 
range when your hand is brought near to the extended 
antenna. The note should be at its highest when your 
hand is close to the antenna and should fall to a very low 
frequency (just a growl) when your hand is taken away. 

If the effect is the reverse of this (lower frequency as your 
hand is brought close to the antenna) then readjust the slug 
until the effect is correct. 
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This photo of 
the completed 
Theremin clearly 
shows the volume 
control ‘plate’ on 
the left side. The 
pitch antenna at 
the back (which 
is actually a 
telescopic whip 
antenna) is in this 
___ case folded down 
_ 90° and almost 
_ fully contracted. 
_ You can also see 
the holes drilled 
in the case top 
and panel for the 
sound to get out. 


Adjust voice trimpot VR2 so that you obtain the required 
sound from your Theremin. Note that adjustment at the fully 
clockwise setting will cause the pitch to lock to the reference 
oscillator for some movement of the hand before it snaps into 
sound. You can now adjust the tuning of the Theremin by 
carefully adjusting the antenna length from its normal length 
of the two fully extended largest sections. 

Placing the loudspeaker and lid in position will change 
the tuning slightly, although adjusting the antenna length 
should be sufficient to retune correctly. If hand control over 
volume is affected, then readjust this tuning. 

Note that if you connect the Theremin to an amplifier, 
the extra grounding will affect the tuning, but adjustment 
of the antenna length should correct this. EPE 
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Reasons To Be 
Cheerful - 
And Concerned 


S 


ia 
Tecnnolalk 


Mark Nelson 


Are you shivering? Mark Nelson hopes he can warm the cockles of your heart with some 

good news on energy cost reduction. And then to chill your spine he offers an alarming 

report on the way plastic card transactions can be falsified. The ‘ghost’ transactions in 
people’s bank statements perhaps have an explanation at last. 


HE bitter winter we’ve been having 

5 has given the climate change deniers 

ammunition for their contrarian views, 
and left householders wondering how they 
will be able to pay their inflated heating 
bills. Thoughtful commentators have pointed 
out that instead of wondering how we can 
afford expensive carbon reduction measures, 
the goal should surely be to reduce power 
consumption in new domestic, business and 
industrial gadgets. 

Another mitigation measure for reducing 
power consumption is energy harvesting, on 
which we have touched previously. Ingenious 
solutions keep on coming and I felt I just had 
to bring two new wrinkles to your attention. 


Skutterudites are in 

That’s right, skutterudites. And Ill save 
you the effort of checking out Wikipedia 
and explain that skuterudite is a cobalt 
arsenide mineral that was first identified 
at Skuterud Mines, Norway, in 1845. Also 
known as smaltite, it occurs in Canada, the 
USA and other cobalt and nickel mining 
areas around the world. 

So why are skutterudites noteworthy 
right now? Because when wrapped around 
your car’s exhaust system, they could one 
day scavenge heat that would otherwise be 
wasted, turning it into energy to warm the 
interior or recharge the battery. Engineers and 
physicists at the University of Michigan are 
on the way to improving their thermoelectric 
efficiency by as much as 20 per cent, enough 
for commercialisation of this promising 
power source. The researchers have found 
that combining skutterudites with the metal 
barium creates a material that conducts 
electricity well and heat poorly. 

According to physic professor Ctirad Uher, 
car companies are extremely interested in this 
technology. He states: “The ideal environments 
for these materials are spots where large 
differences in temperatures exist. One such 
place is the pipe system of a car between the 
motor and the catalytic converter. That’s a big 
source of heat that you’ve paid for already.’ 

Colleague Massoud Kaviany, professor in 
the Department of Mechanical Engineering, 
underscores the significance of their research, 
saying: “Today’s state-of-the-art thermoelectric 
materials are only five percent efficient. 
Skutterudites, and this new knowledge about 
how best to arrange their atoms, could help 
improve their performance to 15 or 20 per cent, 
at which point they become useful in many 
practical applications.’ 


Energy harvesting 
In Japan, Fujitsu Labs has developed 
a hybrid energy harvesting device that 
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generates electricity from either heat or 
light. Using this single device it is possible 
to derive energy from two separate 
sources, which previously could only be 
handled by combining individual devices. 
Furthermore, the low cost of the organic 
materials used in this hybrid device should 
enable widespread use of these highly 
efficient energy-harvesting devices that 
Fujitsu hopes to commercialise within 
four years. 

What they have developed is an organic 
material that operates in both photovoltaic 
and thermoelectric modes by switching the 
electrical circuits connecting P-type and 
N-type semiconductors. High generating 
efficiency means the device can produce 
power in photovoltaic mode, even from 
indoor lighting. 

Full details are not yet available, 
but in medical fields, for example, the 
technology could be used in sensors 
that monitor conditions such as body 
temperature, blood pressure and heartbeats 
— without batteries and electrical wiring. 
The technology could also be used for 
environmental sensing (eg, for weather 
forecasting) in remote areas where it 
would be problematic to replace batteries 
or run electric power lines. 


Battery breakthrough 


More good news; two months back we 
discussed the remarkable electronic, optical 
and thermal properties of graphene, the new 
wonder material that’s a sheet or layer of 
carbon just one atom thick. Now comes the 
news that researchers at US-based Nanotek 
Instruments have created a graphene-based 
Supercapacitor that can store as much 
energy as a nickel metal hydride battery, in 
the same space. Unlike the battery, however, 
it can be charged or discharged in just 
minutes or even seconds. 

According to the Institute of Physics, 
the specific energy density of the device, 
g at room temperature, is the highest ever 
for electric double layer supercapacitors 
based on carbon nanomaterials. The device 
might be used to recharge mobile phones, 
digital cameras and micro electric vehicles 
— or the very first portable light sabre. 
Producing it cheaply and in volume is now 
the challenge. 


Chip-and-PIN in the news 


Prepare to be annoyed and then seriously 
worried. This month (February) sees the 
opening of the fifteenth annual Financial 
Cryptography and Data Security conference 
in St Lucia (February 28 — March 4). You 
might see this as just another opportunity 


for overpaid bankers to enjoy a luxury break 
at their customers’ expense, but believe me, 
it has some crucial consequences for you 
and me, assuming you use a chip-and-PIN 
credit or debit card. 

The conference will include the first 
public reading of a paper on card security 
co-authored by controversial Cambridge 
University student Omar Choudary. Choudary 
has already upset the UK banking and card 
payment fraternity by revealing publicly a 
fundamental flaw in the chip-and-PIN system 
that allows transactions made with a stolen 
(and uncancelled) card to be ‘verified by 
PIN’ without knowing the card’s original PIN 
code. Even worse, in the bankers’ view, his 
MSc paper describes and illustrates a small 
hand-held device that he used to prove the 
vulnerability of card readers in retail premises. 

As a_ self-made project, his ‘EMV 
Interceptor’ certainly earns my admiration 
for both ingenuity and extremely tidy 
workmanship. He designed and product- 
engineered his hand-held gizmo for under 
£100 and states that it could be produced 
commercially for about £20. It’s a perfect 
example of ‘practical electronics’ and you 
can check out his handiwork at: www. 
cl.cam.ac.uk/~osc22/docs/mphil_acs_ 
osc22.pdf, if you feel inclined. 

There is plenty for chip-and-PIN 
card users to be worried about, and the 
technology has not eliminated card fraud, 
only modified its nature. Card users have 
no control over the integrity of transactions 
and, to quote Choudary, it is possible for 
someone to tamper with the terminal such 
that the amount shown on the display differs 
from the amount requested to the card. The 
user will confidently enter the PIN and 
authorise the transaction. What’s more, 
it’s possible to use any card (your own or a 
stolen card) without knowing its PIN. 

According to Ross Anderson, one of 
Choudary’s supervisors and himself an 
expert on information security, only one 
bank has responded to this technical 
weakness. “The No-PIN attack no longer 
works against Barclays’ cards at a Barclays 
merchant,’ he reports. 

Not unnaturally, the UK Cards Assoc- 
lation argues that Choudary’s disclosures 
‘breach the boundary of responsible 
disclosure’ but Anderson is not prepared 
to ‘censor a student’s thesis that is lawful 
and already in the public domain, simply 
because a powerful interest finds it 
inconvenient.’ As bloggers have noted, the 
other banks have known about the flaw 
for a year, but chose not to fix it. Instead, 
the trade association demands that no-one 
draw attention to the door they’ve left 
unlocked for a year. 


Everyday Practical Electronics, March 2011 


Low-Power Microcontrollers for Battery-Friendly Design 
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Extend the battery life in your application using PIC® microcontrollers with nanoWatt GET STARTED IN 3 EASY STEPS 


XLP Technology and get the industry’s lowest currents for Active and Sleep modes. . 
1. View the Low Power Comparison 


Microchip’s new peripheral-rich PIC12F182X, PIC16F182X and PIC16F19XX families offer active videos 
currents of less than 50 uA and sleep currents down to 20 nA. These products enable you to create 
battery-friendly designs that also incorporate capacitive touch sensing, LCD, communications and 
other functions which help differentiate your products in the marketplace. 


2. Download the Low Power 
Tips ‘n Tricks 
3. Order samples and development 
Microchip’s Enhanced Mid-range 8-bit architecture provides up to 50% increased performance tools 
and 14 new instructions that result in up to 40% better code execution over previous-generation VAIVATYAL | 


MICKA rh in CAM IV] D 
. WWW.MICrOCcnIp.com/ XLk 
8-bit PIC16 MCUs. 


include: ° mlouch capacitive touch-sensing 

° Packages ranging from 8 to 64 pins ° LCD drive 

° mlouch™ capacitive touch-sensing © Multiple communications peripherals 

¢ Multiple communications peripherals ¢ More PWM channels, with independent 

° Dual I’C"/SPI interfaces timers 

¢ PWM outputs with independent time bases —_* Up to 28 KB of Flash program memory bh erence acura te nomnn seer erry mem 
iG ail aera) * Enhanced data EEPROM PIC16F193X ‘F1’ Evaluation Platform - DM164130-1 


° 32-level bandgap reference 
° Three rail-to-rail input comparators 


Intelligent Electronics start with Microchip 


microchip — 
CT www.microchip.com/xlp 


www.microchipdirect.com 


MICROCHIP: 


The Microchip name and logo, the Microchip logo and PIC are registered trademarks and mTouch is a trademark of Microchip Technology Incorporated in the U.S.A. and other countries. © 2010 Energizer. Energizer and other marks are trademarks 
owned by Energizer. All other trademarks mentioned herein are property of their respective companies. © 2010, Microchip Technology Incorporated, All Rights Reserved. ME257Eng/06.10 
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Low-Cost Digital 
Audio Millivolimeter 


Indicates‘signaljlevelsinimVjdByandidbm 


Want to measure small signals at audio frequencies? Here’s a 
low-cost digital audio millivoltmeter which will allow you to 
measure audio signals from below 5Hz to above 100kHz. As well 
as indicating the level in both millivolts and dBV, it also shows the 
corresponding dBm level into 600Q. 
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Fig.1: block diagram of the Digital Audio Millivoltmeter. The audio signal is first fed to an impedance transformer stage 
(IC1) and then to a log amplifier/detector via a resistive attenuator. Its output is then fed to three different DC amplifiers, 
which in turn feed a digital voltmeter stage based on PIC microcontroller IC4 and an LCD module. 


HIS new audio millivoltmeter 

design is an adaptation of the RF 
Level and Power Meter described in 
the December 2010 issue of EPE. Like 
that design, it makes use of a logarith- 
mic amplifier/detector IC (an AD8307) 
to provide a very sensitive detector. 
This has a DC output which is closely 
proportional to the logarithm of the 
audio input voltage. 

We have combined one of these 
Analog Devices AD8307 chips with an 
instrumentation amplifier to provide 
it with a high input impedance, and 
also added an ‘intelligent’ metering 
circuit based on a PIC microcontroller. 
In operation, the PIC processes the 
detector’s logarithmic DC output volt- 
age to indicate signal level and the 
equivalent dBV and dBm levels. 

The PIC micro uses some fairly 
fancy maths routines to work out the 
signal level, which is then displayed 
on a standard 2-line x 16-character 
LCD display. All the circuitry is on a 
single PC board and fits in a compact 
diecast aluminium case. The whole 
set-up works from an external 12V 
battery or plugpack, drawing less than 
200mA (most of which is used by the 
backlighting in the LCD module). 


How it works 


The block diagram of Fig.1 shows 
how the new meter works. At far left 
are the two input sockets, one for a 
balanced input and the other for an 
unbalanced input. Switch S3 allows 
one of these inputs to be selected, with 
the desired input fed to an impedance 
transformer stage. This uses an AD623 


instrumentation amplifier (IC1) to pro- 
vide arelatively high input impedance 
of 100kQ and operates with a gain of 
two (+6dB). 

The output of the impedance trans- 
former stage is then fed to the AD8307 
log amplifier/detector (IC2) via a 10:1 
resistive attenuator. This attenuator is 
formed by the 5kQ resistors in series 
with each input and the AD8307’s own 
input resistance of 1100Q. 

The output of the log amp/detector 
is essentially a DC voltage, with a value 
closely proportional to the logarithm 
of the AC input voltage. In fact, the 
slope of the detector’s output is very 
close to 25mV per decibel rise or fall in 
the input. By adjusting the log detec- 
tor’s load resistance via trimpot VR1, 
we can set the slope to 20mV/dB (for 
calibration). 

Trimpot VR2 is used to adjust the 
DC voltage levels inside IC2 to set 
its effective zero-input setting. The 


output from the log detector is then 
fed to three DC amplifiers using IC3a, 
IC3c and IC3b. These are configured 
to provide three levels of voltage gain, 
and hence three measuring ranges. 

IC3b provides a gain of 1.75, scaling 
the detector output slope to 35mV/dB 
(for the <OdBV range), while IC3a and 
IC3c provide gains of 2.1875 and 2.9165 
respectively, giving output slopes of 
43.75mV/dB and 58.33mV/dB for the 
<—20dBV and <—40dBV ranges. 

Each of these scaled detector 
voltages is fed to a different analogue 
input of the digital voltmeter, which 
uses a PIC16F88-I/P microcontroller 
(IC4). Switch S1 allows the user to 
select which of the three analogue in- 
puts is connected to IC4’s 10-bit ADC 
(analogue-to-digital converter). The 
firmware running in IC4 then directs 
the ADC to measure the scaled detec- 
tor output, performs the necessary 
calculations to work out the equivalent 


Specifications 


Main Features: a low-cost audio millivoltmeter based on a logarithmic 
amplifier/detector coupled to a digital metering circuit using a pro- 
grammed PIC microcontroller and an LCD readout. 


Input Impedance: 100kQ (balanced input can be changed to 6000) 


Measuring Frequency Range: from below 5Hz to above 100kHz 


Maximum Input Signal Level: 1.4V RMS (+3.0dBV, +5.2dBm/600Q) 
Minimum Input Signal Level: 160uV RMS (—76dBV, —73.8dBm/600Q) 
Measurement Linearity: approximately +0.3dB 


Measurement Accuracy: approximately +3% 
Power requirements: 12V to 5V DC at <200mA with backlit LCD 
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RantsslistsDigitalfAudiosMiullivoltmetelr, 


1 PC board, code 794, available 
from the EPE PCB Service, 
size 160mm x 111mm 

1 diecast aluminium box, size 
171mm xX 121mm x 55mm 

1 front panel label — see Fig.7 

1 2-line x 16-character LCD 
module, (Jaycar QP-5516, or 
Altronics Z-701 2) 

4 M3 x 25mm tapped spacers 

4 M3 x 15mm tapped nylon 
spacers 

1 SPST momentary pushbutton 
switch ($1) 

1 SPDT mini toggle switch (S2) 

1 DPDT mini toggle switch (S3) 

1 panel-mount XLR type 
balanced audio plug (CON1) 

1 panel-mount BNC socket (CON2) 

1 PC mount 2.5mm concentric 
DC power socket(CON3) 

1 7 X 2 length of DIL socket strip, 
or 14 x 1 length of SIL socket 
strip (half of 28-pin IC socket) 

17 X 2 length of DIL terminal 
strip, or 14-way length of SIL 
terminal strip 

1 18-pin IC socket 

1 14-pin IC socket 

2 8-pin IC sockets 

4 M3 x 6mm machine screws, 


AC input voltage and dB levels and 
then displays these on a 16-character 
x 2-line LCD module. 


Circuit details 


Fig.2 shows the complete circuit of 
the Digital Audio Millivoltmeter. The 
100kQ resistors connected between the 
inputs (pins 2 and 3) of IC1 and the 
+6V half-supply rail provide a bias- 
ing path and also set the instrument’s 
input resistance. The 2.2uF input cou- 
pling capacitors set the instrument’s 
low-frequency limit to below 5Hz. 

On the other hand, the 470Q resis- 
tors in series with each input, together 
with the 10pF capacitor across the 
inputs, form a low-pass filter which 
rolls off RF signals which could dis- 
turb the operation of both IC1 and IC2. 
The 100kQ resistor connected between 
pins 1 and 8 of IC1 sets its gain to 2.0. 

The pin 6 output of IC1 is fed to 
the inputs of IC2 via a 10:1 attenuator 
formed by four 10kQ resistors and the 
input resistance of IC2. The output 
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csk head 

13 M3 x 6mm machine screws, 
pan head 

1 M3 nut 

1 M3 star lockwasher 

1 M3 nylon flat washer 

8 PC board terminal pins, 1mm dia. 

1 1.2 metre length of 0.8mm dia. 
tinned copper wire 


Semiconductors 

1 AD623AN instrumentation 
amplifier (IC1) 

1 AD8307AN log amplifier/ 
detector (IC2) 

1 LM324 quad op amp (IC3) 

1 PIC16F88-I/P microcontroller 
(IC4) programmed with 
0410309A.hex firmware 

1 LM317T adjustable regulator 
(REG1) 

1 12V 1W Zener diode (ZD1) 

1 1N4004 1A diode (D1) 

1 3mm green LED (LED1) 

1 3mm orange LED (LED2) 

1 3mm red LED (LED3) 


Capacitors 

1 470uF 16V radial electrolytic 
1 220uF 16V radial electrolytic 
1 100uF 16V radial electrolytic 


coupling capacitors have a value of 
10uF, to maintain the low frequency 
response, while the 100pF capacitor 
across the inputs of IC2 provides a 
further measure of RF rejection. 


PIC microcontroller 


The rest of the circuit is straightfor- 
ward, with most of the real work done 
by the firmware running inside PIC 
micro IC4. The PIC16F88-I/P device 
is well-suited to this application, be- 
cause it includes an ADC module with 
10-bit measuring resolution. The ADC 
is also flexible in terms of its operat- 
ing mode, with a choice of positive 
and negative reference voltages and a 
7-channel input multiplexer. 

We take advantage of these features 
by using our own positive reference 
voltage of 3.50V (fed into pin 2) 
and also by using three of the ADC 
input channels to allow firmware 
selection of the measuring range via 
pin 1 (AN2), pin 18 (AN1) and pin 
17 (ANO). 


1 22uF 16V radial electrolytic 
2 10uF 16V tantalum 

1 10uF 16V radial electrolytic 
2 2.2uF 35V tantalum 

2 1uF 25V tantalum 

1 220nF monolithic ceramic 
5 100nF monolithic ceramic 
1 100pF disc ceramic 

1 10pF disc ceramic 


Trimpots 

2 50kQ linear horiz. trimpot (VR1, 
VR2) — code 503 

1 200 linear horiz. trimpot (VR3) 
— code 201 

1 10kQ linear horiz. trimpot (VR4) 
— code 103 


Resistors (0.25W, 1%) 

2 220kQ 1 2.4kQ 

3 100kQ 1 2.2kQ 

1 68kQ 3 2.0kQ 

1 51kQ 1 1.5kQ 

1 33kQ 2 4702 

5 10kQ 2 3300 

1 6.8kQ 1 2000 

2 4.7kQ 1 1200 

1 3.9kQ 1 1000 

1 3.0kQ 2 10Q 

1 18Q 0.5W — Rp; (used with 

Altronics LCD module only) 


We select the ranges inside the PIC 
simply by selecting the appropriate 
ADC input channel (AN2, AN1 or 
ANO). The firmware does this input 
selection by stepping from one range 
to the next each time you press S1, 
the range select button. To indicate 
which range is currently selected, the 
firmware switches on LED1, LED2 or 
LED3. The firmware automatically 
changes the scaling factor used for 
each range, so that the displayed val- 
ues are correct. 

Finally, the LCD module is driven 
directly by the PIC in standard ‘4-bit 
interface’ fashion. 


Power supply 


Most of the circuit runs from +5V 
DC, derived from either a nominal 
12V battery or a 12V to15V plugpack 
supply. The only part of the circuit 
which runs directly from the 12V 
input voltage is IC1, which needs the 
higher voltage to handle the full input 
signal levels. 
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Fig.2: this is the complete circuit of the Digital Audio Millivoltmeter. The input impedance-matching stage is based on 
IC1, which is an AD623AN instrumentation amplifier. [C2, an AD8307AN, is the log/amplifier detector, and this feeds op 
amps IC3a to IC3c, which operate with different gains to provide the three ranges. IC4, a PIC16F88-I/P microcontroller 
does the 10-bit analogue-to-digital conversion (among other things) and drives the 2-line x 16-character LCD module. 
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Fig.3: follow this layout diagram to assemble the unit. Note that neither connectors CON1 and CON2, nor switches S1 to 
S3 are mounted directly on the board. Instead, they are first mounted on the case lid and fitted with tinned copper wire 
‘extension leads’. The leads then pass through the relevant board holes when the board is mounted on the lid. 


The +5V rail is obtained using an 
LM317T adjustable regulator. This 
allows us to adjust the supply rail to 
accurately set the +3.50V reference 
voltage for the PIC’s ADC. This +3.50V 
reference is derived directly from the 
+5V rail via a resistive voltage divider 
consisting of 3.0kQ, 6.8kQ and 200Q 
resistors. This reference voltage for 
the ADC is fed into pin 2 of the PIC, 
which is configured as the Vref+ input. 


Test points 


Notice that there are a number of 
test points provided on the PC board, 
to allow more convenient set-up and 
calibration. TP1 allows you to measure 
the ADC reference voltage, so you can 
adjust trimpot VR3 to achieve exactly 
+3.50V at pin 2 of the PIC. TP3 also 
allows you to measure the +5.00V rail 
directly, if you wish, while TP2 allows 
you to check the PIC’s internal clock 
oscillator. 

In this project, we run the oscillator 
at 8MHz, which means that the signal 
available at TP2 should be very close to 
2MHz (Fc/4). So, if the PIC is running 
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correctly, you will find a 2MHz square 
wave of 5V peak-to-peak at TP2. 

The fourth test point (TP4) is pro- 
vided to allow monitoring of the log 
detector’s DC output voltage with 
an external DMM. Op amp IC3d is 
configured as a unity-gain voltage fol- 
lower, making the voltage at IC2’s pin 
4 output available at TP4 without any 
significant loading and disturbance to 
circuit operation. 


Construction 


As noted earlier, virtually all of the 
circuitry in the project is mounted ona 
single PC board, which mounts inside 
a diecast aluminium case (171mm x 
121mm x 55mm) for shielding. The PC 
board measures 160mm x 111mm and 
is coded 794. This board is available 
from the EPE PCB Service. 

As shown in the photos, the LCD 
module (Jaycar QP-5516 or Altron- 
ics Z-7011) mounts above the main 
board in the upper centre, while the 
complete assembly mounts behind the 
lid of the case on 25mm spacers. The 
switches and input connectors mount 


directly on the lid, which therefore 
forms the instrument’s front panel. 

Fig.3 shows the parts layout on the 
PC board. Note that DC input connector 
CON3 is the only connector mounted 
directly on the board. The three range 
indicator LEDs are also mounted di- 
rectly on the board, with the underside 
of their bodies spaced up by about 
24mm. They (just) protrude through 
matching holes in the lid when the 
board is mounted behind it. Sockets 
are used for all four ICs, rather than 
soldering them directly to the board. 

There are 10 wire links on the board, 
and it’s a good idea to fit these before 
any of the components, so they’re not 
forgotten. Note that two of the links 
are fitted under the footprint of the 
LCD module, at upper left. However, 
these two links are only required if you 
use the Altronics Z-7011 SIL module. 

The test point terminal pins can also 
be fitted at this early stage, along with 
the IC sockets. Make sure you mount 
the latter with their orientation as 
shown in Fig.3, so they’ll guide you 
in plugging in the ICs later. 
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This view shows the fully-assembled PC board, just prior to mounting it in position on 


the case lid. Make sure that all polarised parts (including the three ICs) are correct? 
orientated, and note that [C1 and IC2 face in opposite directions. 


Next, fit DC input connector CON3, 
which goes in at upper right. It’s 
then a good idea to fit the connector 
for the LCD module you’re using. If 
you're using the Jaycar LCD module, 
this means that a 7 x 2 piece of DIL 
socket strip must be fitted with a 
north-south orientation at the left- 
hand end of the module’s footprint 
— see Fig.3. 

Alternatively, if you’re using the 
Altronics (single in-line version) mod- 
ule, this needs a 14 x 1 section of SIL 
socket strip (made from one side of a 
28-pin IC socket). This strip is fitted 
with an east-west orientation at lower 
left within the module’s footprint (just 
above the position for trimpot VR4). 

Follow this by fitting the four trim- 
pots (VR1 to VR4). These are all hor- 
izontal mounting types, and the board 
allows either the small open type or the 
even smaller sealed type. Note that the 
two 50kQ trimpots go in the VR1 and 
VR2 positions, while the 2000 trimpot 
is used for VR3. A 10k trimpot is 
used for VR4 and is the LCD module’s 
contrast adjustment. 


Once all four trimpots are fitted, you 
can fit the resistors, making sure that 
you fit each one in its correct position, 
as shown in Fig.3. Note that the resis- 
tor labelled ‘Rp,’ (18Q 0.5W) is the 
current-setting resistor for the Altron- 
ics LCD module’s back lighting. It’s not 
needed if you use the Jaycar module. 

The disc ceramic and monolithic 
capacitors should be fitted next. These 
are then followed by the tantalum and 
electrolytic capacitors, which are po- 
larised — so take care to fit them with 
the orientation shown in Fig.3. 

Now fit diode D1 and Zener diode 
ZD1, followed by regulator REG1. Note 
that the latter is a TO-220 device, and 
is mounted with its body flat against 
the top of the board. To do this, you 
will first have to bend its three leads 
down by 90° about 6mm from its body. 
That done, secure it to the board using 
an M3 x 6mm machine screw and nut 
before soldering its leads. 


LCD mounting 


The LCD module can now be pre- 
pared for mounting on the main board, 
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The LCD aaelillend is ; fitted with Reader 
pins and plugged into a matching socket 
on the PC board - see text. This photo 
shows the arrangement for the Jaycar 
module (7 x 2 DIL header). 


by fitting it with either a 7 x 2 DIL pin 
header or a 14 x 1 SIL pin header; 
depending on the LCD module you 
use. In both cases, the header pins 
are passed up through the matching 
connection holes in the module from 
below, until the upper ends of their 
pins are just protruding from the top 
of the LCD module board. All 14 pins 
are then carefully soldered to the pads 
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ALL DIMENSIONS IN MILLIMETRES 


Fig.4: this full-size diagram shows the drilling details for the 
case lid and can be used as a drilling template. The large 
cutouts can be made by drilling a series of holes around the 
inside perimeter, then knocking out the centre piece and filing 
the job to a smooth finish. 


I 
11 
HOLE 11mm DIAMETER FOR ~—6©S 
ACCESS TO DC INPUT SOCKET 


(RIGHT HAND END OF BOX) 


on the top of the board using a fine- 
tipped iron and just enough solder to 
make a good joint. 

The next step is to mount four M3 
x 12mm tapped nylon spacers on 
the main board to support the LCD 
module. These spacers must go in the 
correct positions to match the module 
you are using, and are attached using 


30 


four M3 x 6mm machine screws. The 
LCD module is then mounted on top 
of these spacers, with its 14-pin ‘plug’ 
mating with the matching socket on 
the main board. Four more M3 x 6mm 
screws are then used to hold the LCD 
module in place. 

Note that if you are using the Altron- 
ics Z-7012 LCD module, you will also 


HOLES A: 3.0mm DIAMETER 
¢ HOLES B: 4.0mm DIAMETER 
HOLES C: 6.5mm DIAMETER 
HOLE D: 7.0mm DIAMETER 


4 99 —__+| 


HOLE E: 9.5mm DIAMETER 
HOLE F: 24.0mm DIAMETER 
HOLES G: 3.0mm DIAMETER 

(COUNTERSUNK) 


Fig.5: an 11mm diameter hole is 
required in the right-hand end of 
the case to provide access to the 
DC power socket on the PC board. 


have to connect its ‘A’ and ‘K’ terminals 
(for the backlight LEDs) to the corre- 
sponding pads immediately below on 
the PC board. This can be done using 
short lengths of tinned copper wire. 
These connections are not necessary 
for the Jaycar module. 

The last components to mount on 
the board are the three range-indicator 
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LEDs. These all mount vertically with 
their longer anode (A) leads to the 
right, towards the LCD module. The 
leads are all left at their full lengths, 
so the bottom of each LED’s body is 
very close to 24mm above the board. 

Note that the green LED goes in the 
uppermost position as LED1, with the 
orange LED in the centre (LED2) and 
the red LED at the bottom (LED3). 

After the LEDs have been mounted, 
it’s time to plug the four ICs into their 
sockets. Take special care to orientate 
each IC correctly, as shown in Fig.3. 
In addition, take care to ensure that 
all the pins go into the sockets and 
that none go down the outside of the 
socket or are folded back under the IC. 

Take your time here — the AD623 
and AD8307 devices are fairly pricey, 
and the PIC micro isn’t exactly cheap 
either. 


Preparing the case 


Your board assembly will now be 
complete and can be placed aside 
while you prepare the meter’s front 
panel. This involves drilling and cut- 
ting quite a few holes in the case lid, 
as shown in Fig.4. Most are easily 
drilled, the two exceptions being the 
rectangular cutout for the LCD view- 
ing window and the 24mm main hole 
for the XLR balanced input connector. 

These are best cut by drilling a series 
of 3mm holes around the inside of the 
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4-Band Code (1%) 

red red yellow brown 
brown black yellow brown 
blue grey orange brown 
green brown orange brown 
orange orange orange brown 
brown black orange brown 
blue grey red brown 
yellow violet red brown 
orange white red brown 
orange black red brown 
red yellow red brown 

red red red brown 

red black red brown 

brown green red brown 
yellow violet brown brown 
red black brown brown 
brown red brown brown 
brown black brown brown 
brown black black brown 


cutout outline, and then using a small 
needle file to join the holes and allow the 
centre piece to be removed. A small file 
is then used to smooth the inside of the 
cutouts. It’s tedious, but if you take your 
time, this method gives a good result. 

You also have to drill a single hole 
in the right-hand end of the box itself, 
to give access to the DC input socket. 
The location and diameter of this hole 
is shown in Fig.5. 


Front panel 


Once all of the holes have been cut 
in the lid, de-burred and countersunk 
where appropriate (eg, holes ‘G’ in 
Fig.4), you’re ready to apply the front 
panel label. This can be made by pho- 
tocopying the artwork shown in Fig.7 
onto an adhesive-backed A4 sheet 
label, then applying a protective film 
(such as ‘Contac’). 

It’s now just a matter of cutting it to 
shape before peeling off the backing 
and applying it to the carefully cleaned 
lid. When it has been smoothed down, 
you can cut out the holes in the label 
using a sharp hobby knife. 

With the front panel now complete, 
you can mount switches $1,S2 and 83 
in position, followed by input connec- 
tors CON1 and CON2. Note that con- 
nector CON 1 mounts with its flange 
on the underside of the lid (see photo). 
It may be necessary to file away one 
corner of the flange in order to do this. 
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5-Band Code (1%) 

red red black orange brown 
brown black black orange brown 
blue grey black red brown 

green brown black red brown 
orange orange black red brown 
brown black black red brown 
blue grey black brown brown 
yellow violet black brown brown 
orange white black brown brown 
orange black black brown brown 
red yellow black brown brown 
red red black brown brown 

red black black brown brown 
brown green black brown brown 
yellow violet black black brown 
red black black black brown 
brown red black black brown 
brown black black black brown 
brown black black gold brown 


Extension wires 


You now have to fit each of the 
connection lugs on the rear of these 
switches and connectors with short 
‘extension leads’, long enough to pass 
through their matching holes in the 
PC board when it’s mounted behind 
the panel. 

The best approach here is to use 40- 
60mm lengths of tinned copper wire 
for these extensions. Each of these 
is soldered at one end of a switch or 
connector contact lug and orientated 
vertically, ready to be passed through 
the board holes. Make each extension 
wire a different length, as this will 
make it easier to get them through the 
board holes. 

Note that you will also have to 
shorten the existing earth lug on the 
3-pin XLR socket before fitting its ex- 
tension lead, to prevent it later fouling 
the PC board. 

You should now be ready to mount 
the board to the rear of the front panel. 
To do this, first attach four M3 x 25mm 
tapped spacers to the front panel, us- 
ing four M3 x 6mm countersink-head 
screws to secure them (these pass 
through ‘G’ in Fig.5). That done, care- 
fully offer up the PC board assembly to 
the rear of the front panel, taking care 
to ensure that the wire extension leads 
from the switches and input connec- 
tors all pass through their matching 
holes in the board. 
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Via x 6mm COUNTERSINK HEAD SCREWS 


Connectors CON1 and CON2 and switches S1-S3 are mounted on 
the lid of the case and fitted with tinned copper wire extension 
leads before fitting the PC board in place. 
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Fig.6: the PC board is attached to the lid of the case via four M3 x 25mm tapped spacers, as shown here. Four M3 x 
6mm countersink-head screws secure the lid to the spacers, while four M3 x 6mm pan-head secure the PC board. 


This photo shows how the tinned copper wire extension leads soldered to the switches and connectors pass down through 
the PC board. Use a pair of long-nose pliers to guide each lead through its hole as the board is placed in position. 


At the same time, you also need 
to ensure that LEDs 1 to 3 each pass 
through their respective holes in the 
upper left of the panel. 

Once the board is in position against 
the spacers, secure it in place using four 


a2 


M3 x 6mm pan-head screws — see Fig.6. 
Note that it’s a good idea to place a star 
lockwasher under the head of the screw 
nearest to CON1, to ensure a good con- 
nection between the board’s input earth 
copper and the metal of the case lid. 


Having secured the board in place, 
the assembly can be upended and 
all the switch and input connector 
extension wires soldered to their cor- 
responding board pads. The board 
and front panel assembly will now 
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Fig.7: this full-size artwork can be copied and used to make the front panel. Cover it with a protective film before 


attaching it to the case lid. 


be complete and ready for its initial 
checkout. 


Initial checkout 


Your Digital Audio Millivoltmeter 
should now be given a preliminary 
functional checkout, as this is best 
done before the front panel/board 
assembly is attached to the case. 

To begin, use a small screwdriver or 
alignment tool (passing down through 
holes ‘B’ in the front panel) to set trimpots 
VR1 to VR4 to their centre positions. Af- 
ter this, use a suitable DC cable to connect 
CON3 to a suitable source of 12V to 15V 
DG, which can be either a 12V battery or 
a nominal 12V DC plugpack. 

Next, apply power and check that 
LED1 lights. There should also be an 
announcement message reading ‘Silicon 
Chip AF Millivoltmeter’ on the LCD, 
although you may have to adjust trimpot 
VR4 before this message is displayed 
with good contrast. 

Note that this greeting message only 
lasts for a few seconds, after which it is 


replaced by the meter’s normal display 
of readings. 

If all is well so far, now is the time 
to set the voltage regulator so that 
the PIC’s ADC reference voltage sits 
at exactly +3.50V. This is easy to do: 
just connect your DMM to TP1 and to 
its nearby TPG pin and adjust trimpot 
VR3 until you get a reading as close 
as possible to 3.500V. Use your most 
accurate DMM for this, because to a 
large extent the accuracy of this setting 
will determine the accuracy of your 
millivoltmeter. 

That basically completes the initial 
set-up, although if you have access to a 
scope or a frequency counter you may 
want to check the PIC’s clock signal 
at TP2. You should find a 5V peak- 
to-peak squarewave with a frequency 
very close to 2MHz. 

After this initial checkout, you are 
ready to mount the front panel/board 
assembly in the case. Secure it using 
the six M4 countersink-head screws 
supplied. Note that although a length 
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of neoprene rubber may be supplied 
for use as a seal between the case and 
its lid, there’s no need to use this seal 
here. In fact, the box will provide better 
shielding if the seal is left out. 


Final adjustment 


Your Digital Audio Millivoltmeter is 
now ready for the final step, which is 
adjustment and calibration. To do this, 
you'll need an audio signal generator 
of some kind, able to supply an audio 
sinewave signal of known level. 

If you don’t have access to a cali- 
brated generator, an alternative is to 
use an uncalibrated oscillator with 
another audio measuring instrument 
of some kind, so that you can adjust 
its output to a convenient level (eg, 
1.0V or 100mV RMS). 

The calibration process is straight- 
forward. Here’s the step-by-step pro- 
cedure: 

Step 1: set switch S3 to select unbal- 
anced input connector CON2, then fit 
a 500 termination load plug to CON2 
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As we explained in the main text, the 
AD8307 chip in the Digital Audio Millivolt- 
meter detects the incoming audio signals 
and converts them into a DC voltage ac- 
cording to a logarithmic conversion scale. 
It is this log-scale DC voltage which the 
PIC micro then measures and converts into 
the equivalent voltage and dB readings, 
under the control of the author’s firmware 
program. 

As you can imagine, the program directs 
the PIC to perform a number of maths 
calculations. To do this, it makes use of a 
suite of maths routines made available to 
PIC programmers by Microchip Technol- 
ogy, the manufacturer of the PIC family 
of micros. These routines are used to 
perform 24-bit and 32-bit floating point 
(FP) addition, subtraction, multiplication 
and division, base-10 exponentiation, 
fixed-point multiplication and division, and 
floating-point to ASCII conversion. 

In essence, the PIC firmware program 
works through the following sequence in 
making each measurement: 

First, it directs the PIC’s 10-bit ana- 
logue-to-digital converter (ADC) module 
to take a measurement of the DC output 
voltage from the AD8307 chip. It then 


takes that measurement and converts it 
into 24-bit floating point form, after which 
itis multiplied with a pre-calculated scal- 
ing factor (24-bit also) for the currently 
chosen measurement range. 

The resulting product is then divided by 
the ADC’s full-scale 10-bit value of 3FF (in 
24-bit FP form), to give the measurement 
value in what | call ‘raw dB’ form. This 
is essentially a 24-bit number varying 
between 0 and 100. 

This raw dB value is then used to 
calculate the equivalent dBV value, by 
subtracting decimal 96.4782 (in 24-bit 
FP form), and also the equivalent dBm 
value (for a 600© impedance level) by 
subtracting decimal 94.2602 (again in 
24-bit form). These values are then saved 
for display. 

The dBV value is also used to calculate 
the actual voltage level. This is done by 
first dividing it by decimal 20 (in 24-bit FP 
form) and then raising decimal 10 to that 
power using ‘EXP1024’, Microchip’s 24- 
bit floating point base-10 exponentiation 
routine. This is equivalent to calculating 
the antilogarithm, so we end up with the 
equivalent voltage value in 24-bit FP form. 
This is then saved for display. 


Once the three parameters have been 
calculated, the final steps of the measure- 
ment sequence involve taking each 24-bit 
parameter and processing it for display 
on the LCD module. For the dBV and dBm 
figures, this means working out the correct 
polarity indication (+ or —) and then using 
a Microchip routine called ‘Float_ASCII’, 
to convert the numbers themselves into 
ASCII digits for display. 

Things are a little more complicated 
for the voltage value, because this must 
first have its 24-bit binary exponent 
analysed to work out the scaling, the 
position of the decimal point and the 
most convenient multiplier to give it (eg, 
volts or millivolts). After this is done, it 
is again converted into the equivalent 
ASCII digits using Float_ASCII. 

As you can see, there’s quite a bit of math- 
ematical ‘jiggery-pokery’ involved, but most 
of this is performed by Microchip’s fancy 
maths routines. By the way, the full source 
code for the firmware will be available onthe 
EPE website, along with the source code for 
the floating point maths routines it uses (in 
a file called ‘FPRF24.TXT’). The assembled 
hex code of the complete firmware will also 
be available, ready to burn into a PIC. 


AllaboutvoltssaBvfandidbm 


The Audio Millivoltmeter described 
in this article gives three indications 
for every measurement: the audio input 
level in volts or millivolts and the cor- 
responding values in dBV and dBm. The 
voltage level needs no explanation, but 
we should explain the significance of the 
two decibel figures. 

For many years, electronics engineers 
have found it convenient to describe 
signal amplitude in decibels, because 
of the very wide ranges involved — from 
microvolts (uV) to kilovolts (kV). Because 
decibel scales are logarithmic, they make 
it easier to work with signals varying over 
such wide ranges. 

For example, to describe the voltage 
gain of an audio amplifier in decibels, we 
take the base-10 logarithm of the voltage 
gain (Vour/Vin) and multiply this figure by 
20. So a voltage gain of 10 corresponds 
to +20dB, a gain of 100 corresponds to 
+40dB, a gain of 1000 corresponds to 
+60dB and so on. 

Similarly, an attenuator which re- 
duces the voltage level by a factor of 
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10:1 can be described as having a ‘gain’ 
of -20dB. 


dBV and dBm 


But what’s the difference between 
the ‘dBV’ and ‘dBm’ figures? These are 
both decibel scales, but they are used 
to compare a specific voltage level with 
a known reference value, rather than 
to compare two specific values. So the 
contractions dBV and dBm indicate that 
the figures they accompany are absolute, 
rather than relative. 

A reading in ‘dBV’ is a voltage ex- 
pressed in decibels with reference to 
1.0V. So +6dBV means a voltage that is 
6dB greater than 1.0V (ie, 2.00V), while 
—20dBV means a voltage that is 20dB 
smaller than 1.0V (ie, 100mV) and so on. 

Similarly, ‘dBm’ means that a signal 
level is being expressed in decibels with 
reference to a specific power level of 1mW 
(milliwatt) — in other words, on a decibel 
scale where 1mW corresponds to OdB. So 
+10dBm corresponds to 10mW, +20dBm 
to 100mW and—30dBm to 1.W (microwatt). 


Since the dBV and dBm scales are 
‘absolute’, can they be related to each 
other? Yes they can, but to work this out 
you need to know the impedance level, 
because this is what relates voltage and 
power in any circuit. 

In traditional audio work, the imped- 
ance level is 600©. At this level, a volt- 
age of 1V corresponds to a power level 
of 1.667mW (12/600), so OdBV equals 
+2.218dBm. So at this impedance level, 
there’s a fixed 2.2dB difference between 
dBm and dBV. 

Older audio level meters often in- 
dicated in just dBm or perhaps in dBV 
as well. If the user wanted to know the 
actual voltage level, they had to refer 
to a chart or grab a calculator and 
work it out. 

This could be pretty tedious and 
that’s why we've given this new Dig- 
ital Audio Millivoltmeter the ability 
to calculate and display not just dBV 
and dBm (for 600 circuits) but the 
equivalent voltage level as well, for 
every measurement. 
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Fig.8: block diagram of the AD8307AN IC. It includes six COM 
cascaded amplifier/limiter stages with a total gain of 86dB. 


The AD8307 log amplitier/detector 


You may not be too familiar with loga- 
rithmic amplifier/detector ICs because they 
are fairly specialised devices. But you can 
get an idea of how they work from Fig.8, 
which gives a simplified view of what’s 
inside the AD8307AN device. 

The incoming AC signals are passed 
through six cascaded wideband differential 
amplifier/limiter stages, each of which has 
a gain of 14.3dB (about 5.2 times) before it 


so that the meter has a nominal audio 
input of ‘zero’. 

Step 2: apply power and monitor the 
LCD readout after the greeting mes- 
sage has been replaced by the normal 
readings. In particular, look at the dBV 
reading, because initially you’ll prob- 
ably find that it shows a figure rather 
higher than it should. 

Step 3: leave it for a few minutes to al- 
low the circuit to stabilise, then adjust 
the ‘Intercept’ trimpot (VR2) carefully 
using a small screwdriver or align- 
ment tool to reduce the reading down 
to the lowest figure you can — ideally 
—76dBV or less, corresponding to about 
0.160mV (160uLV) and —73.8dBm. 
Step 4: remove the 500 termination 
plug from CON2 and instead connect 
the output of your audio generator. The 
latter should be set to some convenient 
frequency (say 1kHz) and to a known 
audio level — say 1.00V. 

Step 5: adjust the ‘Slope’ trimpot (VR1) 
until you get a reading of +00.0dBV 
on the LCD. 

Step 6: reduce the generator output to 
10mV and check the dBV reading on the 
LCD again. It should now read —-40dBV, 
and if you press the unit’s Range Select 


enters limiting. This gives a total amplifier 
gain of about 86dB, or about 20,000 times. 
The outputs of each amplifier/limiter stage 
are then fed to a series of nine full-wave 
detector cells, along with similar outputs 
from three cascaded passive 14.3dB atten- 
uator cells connected to the input of the first 
amplifier/limiter. 

The differential current-mode outputs of 
all nine detector cells are added together 


button (S1) so that the micro switches 
down to the <—-20dBV range (ie, orange 
LED glowing), this reading should re- 
main very close to -40dBV. 

In fact, if you press S1 again to 

switch down to the <—40dBV range 
(red LED glowing), the reading should 
still remain very close to —-40dBV. If it 
changes up or down by a significant 
amount, you should try adjusting ei- 
ther the Intercept or Slope trimpots (or 
both) very carefully to bring it back to 
the correct reading. 
Step 7: to make sure that you have found 
the correct settings for the two trimpots, 
try changing the generator output back to 
1.00V and also press S1 again to switch 
the meter back to its top range (<OdBV, 
ereen LED glowing). The LCD reading 
should again be 0.00dBV, but if it has 
changed slightly you’ll need to tweak 
VR1 and/or VR2 again to bring it back. 

The basic idea is to repeat this proc- 
ess a few times until the millivoltmeter 
is giving the correct readings for both 
of the known audio levels: 00.0dBV for 
1.00V input and —40.0dBV for 10.0mV 
input. Once this is done, your Digital 
Audio Millivoltmeter is calibrated and 
ready for use. 
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and fed to a ‘current mirror’ output stage, 
which effectively converts them into a sin- 
gle-sided DC output current. And because 
of the combination of cascaded gain and 
limiting in the amplifiers (plus an internal 
offset compensation loop), the amplitude 
of this output current turns out to be quite 
Closely proportional to the logarithm of 
the AC input voltage, over an input range 
of just on 100dB — ie, from about —-93dBV 
(22.4uV) up to +7.0dBV (2.24). 

In fact, this ‘logarithmic law’ relationship 
is linear to within +0.3dB over most of the 
range. The output current |, increases 
at a slope of very close to 2uA per dB 
increase in AC input level, and when this 
current passes through a 12.5kQ load re- 
sistor inside the chip, this results in a DC 
output voltage which increases at the rate 
of 25mV/dB. This slope can be fine-tuned 
using an adjustable external resistor in 
parallel with the internal 12.5kQ resistor. 

The ‘intercept set’ input allows us to 
adjust the DC offset in the output current 
mirror, which adjusts the effective ‘zero 
level’ point of the chip’s output current 
and voltage — ie, the ‘origin’ from which 
the output slope rises. You can think of it 
as setting the detector’s zero point. 


Fig.9: the display at top shows the message 
that appears on the LCD when the unit 
is switched on, while directly above is a 
typical readout. 


By the way, the maximum audio 
level that the Audio Millivoltmeter 
can measure by itselfis 1.4V RMS, cor- 
responding to +3.0dBV or +5.2dBm. 
To use it to make measurements of 
higher audio voltages, you’ll need to 
connect an audio attenuator/divider 
ahead of its input. 

If there’s enough interest, we’ll 
describe such an add-on divider in a 
future edition ofthe magazine EPE. 
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By 
GEOFF GRAHAM 


ATTERY-POWERED quartz 
crystal clocks are very common 
and they keep good time, with 


a typical accuracy of two seconds per 
day. However, that couple of seconds 
can add up. After a month it could be 
a minute out and after a few months, 
you are up on a chair again to reset it 
to the correct time. 

Wouldn’t it be nice if you never, 
ever had to do that again? 


GPS time 


This design replaces the electronics 
in a standard quartz wall clock witha 
controller that synchronises itself via 
the GPS (Global Positioning Satellite) 
system. It uses arelatively inexpensive 
GPS module to get the precise time, 
and a microcontroller to control the 
hands of the clock. It will run for about 
a year on two alkaline AA batteries, 
and over that period will keep the 
time accurate to within a few seconds. 

Even better, it understands the 
rules of daylight saving (DST) and 
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Tired of resetting the 


time on your wall clock? 


This GPS circuit will convert a standard 
battery wall clock into a precision 


timekeeper that never needs to be 
corrected. It will even automatically 
adjust for daylight saving time. 


RO es abe 


will automatically adjust by skip- 
ping forward an hour at the legislated 
time and date when daylight saving 
starts. When daylight saving stops, 
the clock will stop for exactly an hour 
at 3.00am, — and start again when the 
indicated time is correct. 

It is also easy to use. All you need 
to do is set the hands of the clock (in- 
cluding the seconds hand) to the 12 
o’clock position and then insert the 
battery. The controller will use the 
GPS to get the current time and then 
step the clock hands at double speed 
around the dial until it has reached the 
correct time. It will then drop back into 
normal timekeeping mode with the 
time derived from a crystal oscillator. 

To conserve the battery, the GPS 
module is only used to synchronise the 
clock every 44 hours, and following 
synchronisation, the clock will either 
skip seconds or double-step to reach 
the correct time. After synchronisa- 
tion, the microcontroller is also able 
to calculate the inherent inaccuracy 


of its crystal oscillator and will com- 
pensate by occasionally skipping or 
double-stepping a second. This proc- 
ess can also compensate for ageing 
of the crystal and will keep the clock 
accurate between synchronisations. 

The controller also monitors the bat- 
tery voltage and when it has dropped 
below 2V, the microcontroller will stop 
the clock at exactly 12 o’clock. You then 
replace the battery and it will repeat 
the start-up process by stepping to the 
correct time. In short, you never have 
to set the time. 


How it works 


First of all, let’s look at a standard 
battery-operated wall clock. It uses a crys- 
tal oscillator and a divider to generate a 
pulse every second to drive asimple step- 
per motor and, via gears, the hands of the 
clock. The crystal oscillator is normally 
quite accurate, especially when new — 
but it’s affected by age, by temperature, 
by battery voltage .. . all of which can 
add up to a few seconds a week. 
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It looks just like a bog-standard battery-powered wall clock, 
and in fact, it started out life as such. But it’s only when you 
turn it over... 


Our circuit replaces the clock’s 
electronics and generates compatible 
pulses to drive the stepper motor. 

The heart of our controller is a 
PIC16LF88 microcontroller, which 
uses a 32.768kHz watch crystal to 
drive a timer within the chip. This 
timer generates an interrupt which 
is used by the software running on 
the microcontroller to keep time. The 
software is where all the hard work is 
done and it is quite complex. As an 
illustration of this complexity, drafting 
the circuit of the GPS Clock took just 
a few hours, while the software took 
many weeks to develop. 


Clock cycle 


A normal clock cycle starts at 
the beginning of a new second. The 
timer will generate an interrupt which 
causes the processor (CPU) in the mi- 
crocontroller to wake up and execute 
the interrupt code. The program will 
perform some calculations (more on 
this later) and then raise the voltage 
on one of the clock lines. It then sets 
the timer to generate another interrupt 


Constructional Project 


You can see it has something that’s not bog standard —a GPS 
module, microprocessor and driver. And no, we haven’t 


forgotten to put the clock movement battery in! 


exactly 40ms after the first interrupt 
(you can change this) and promptly 
puts itself back to sleep. 

After 40ms, the timer will wake the 
CPU again and the program will lower 
the voltage on the clock line, terminat- 
ing the pulse to the clock’s stepper 
motor. The program then will set the 
timer to 960ms and go back to sleep. 
This repeats, second after second. 

During the sleep period, everything 
except the crystal oscillator and the 
timer is shut down, resulting in a cur- 
rent drain of only a few microamps 
drawn by the microcontroller. In ad- 
dition, the CPU in the microcontroller 
will run at full speed for only 60,1s to 
100ps while processing an interrupt, 
so the total current drawn by the mi- 
crocontroller is negligible. Most of the 
current, in fact, is drawn by the clock 
stepper motor — which is the case with 
a ‘standard’ battery-operated clock (see 
the box: Calculating Battery Life). 

At the start of a new second, the 
program compares where the clock 
hands are actually positioned and 
where we would like them to be. The 
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software does this with two variables, 
which hold the current position of the 
clock’s hands in seconds and the de- 
sired position. Depending on the result 
of this comparison, the program will 
bring the clock’s hands closer in agree- 
ment to the correct time by skipping a 
pulse to the clock’s stepper motor or 
by generating a double-step. 

Normally, the variable represent- 
ing the desired position is simply 
incremented every second, but the 
beauty of this arrangement is that we 
can control the position of the clock’s 
hands just by changing this variable. 
The code within the interrupt routine 
will automatically bring the hands of 
the clock into agreement. This is use- 
ful when, for example, daylight saving 
starts — we simply add 3600 seconds 
(one hour) to the desired position and 
the clock will fast forward until it is 
an hour ahead. 

When it is time to synchronise, the 
program will keep running after an 
interrupt (ie, it will not return to sleep). 
It then applies power to the GPS mod- 
ule and waits for the GPS to return an 
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Fig.1: while it looks very simple (and construction-wise, it is!) there’s a lot going on in this circuit, especially in the 
PIC microcontroller. Full operation is explained in the text. 


accurate time reading. With this read- 
ing, the microcontroller has some hard 
work to do — it must convert it into 
an internal representation (seconds 
since 1 January 2000), apply the time 
zone offset, calculate if daylight saving 
applies, calculate the internal crystal 
oscillator error, and more. 

When it is finished, the program 
will copy the correct time into the 
variable representing the desired 
position for the clock’s hands and 
put the CPU to sleep, ready for the 
next second. 


The GPS module 


We normally think of aGPS mod- 
ule as a device to find our position 
on the globe. However, the GPS 
system is based on time signals 
derived from an extremely accurate 
atomic clock, and as part of their 
output, they also give the time and 
date based on that clock. 

In fact, most time standard bodies 
around the world use the GPS system 
as a ‘standard beacon’ to transfer ac- 
curate clock readings between each 
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other. If you think that it is a waste 
to discard the latitude and longitude 
data, as we do with this circuit, then 
pretend that the module is merely an 
atomic clock receiver at a cheap price! 

Most GPS modules follow the 
NMEA standard for data output, and 
generate a serial data stream at 4800 
baud with eight bits per character. 


The GlobalSat EM-408 GPS module used 
in this project. Other modules may work 
fine but we know this one does! 


The voltage is inverted with respect 
to RS232 and uses TTL voltage levels, 
but otherwise it is the same serial data 
standard used by desktop computers. 
The NMEA standard also describes 
the content of the data and we use 
the RMC (Recommended Minimum 
data) message, which is the default 
for almost every GPS module made. 
Finally, the PC board allows you to 
set the voltage (via a jumper) to power 
the GPS module (3.3V or 5V). As a re- 
sult, the clock controller will work with 
almost any GPS module. Regardless of 
this, we recommend that you use the 
EM-408 module produced by Global- 
Sat in China. It includes everything 
(antenna and data connector), it is 
available from many suppliers on 
the internet (see the parts list), it is 
relatively cheap and most impor- 
tantly, we know that it works. 

The EM-408 uses the SiRF StarlIl 
chipset, one of the most sensitive 
GPS chipsets on the market. So, if your 
normal GPS receiver can work where 
you intend to place your clock, this 
will also work. 
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Circuit description 


The full circuit diagram for the 
GPS Synchronised Clock is shown 
in Fig.1. The key component is IC1, 
a PIC16LF88 microcontroller. This 
drives the clock’s stepper motor, con- 
trols the power to the GPS module and 
interprets the output of the module. 

The specified chip (with LF in the 
middle) is the wide voltage version 
of this common microcontroller, and 
is guaranteed to operate down to 2V, 
whereas the standard chip (PIC16F88) 
is only guaranteed down to 4V. 

Having said that, you will probably 
find that a standard PIC16F88 will oper- 
ate without fault to below 2V. So, if you 
have a PIC16F88 in your parts box, give 
it ago before hunting for the LF version. 

The 100kQ resistor and 10uF capaci- 
tor connected to pin 4 of IC1 serve to 
hold the microcontroller in reset for 
about a second after the batteries have 
been inserted. This provides enough 
time for you to properly seat the bat- 
teries in the battery holder before 
the microcontroller starts executing 
its program. Diode D1 prevents the 
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GPS MODULE 


capacitor from discharging into the 
microcontroller when the batteries 
are removed. 

The serial interface connector CON1 
is linked to the microcontroller via a 
few protective resistors. This design 
relies on the fact that nearly all modern 
serial RS232 interfaces use a threshold 
of about 1.5V between a high and low 
signal. This is not what the full RS232 
standard specifies, but we use this fact to 
provide a simple interface to a personal 
computer for configuring the clock. 

Crystal X1 provides a stable timebase 
forthe clock, with the two 22pF capacitors 
providing the correct loading. Normally, 
the accuracy of the clock between GPS 
synchronisations would be dependent 
on trimming these capacitors to achieve 
a frequency of exactly 32.768kHz, but as 
the software automatically corrects for 
any errors, this is not required. 

The microcontroller applies power to 
the GPS module by pulling its pin 3 low. 
This turns on the Darlington transistor 
pair of Q1 and Q2, resulting in about 
2.7V (with fresh AA cells) appearing at 
the collector of Q2. 
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Fig.2: the component 
overlay for the GPS 
Synchronised Clock 
controller board, 
along with matching 
photograph below. 
Not shown here, but 
mentioned in the text, 
is the fact that an IC 
socket should be used 
for the microcontroller 
(IC1) but should NOT 
be used for IC2 due to 
the currents involved. 
The two AA cells on the 
left side of the PC board 
should last for at least a 
year in this application. 


DC-DC converter 


This voltage is 
stepped up by IC2, a 
MAX756 DC-DC con- 
verter. [C2 operates 
by drawing a current 
through inductor L1 
and then suddenly cut- 
ting it off. The col- 
lapsing magnetic field 
causes a positive volt- 
age spike across the in- 
ductor that is dumped 
via diode D2 into the 
220uF capacitor. 

IC2 can operate with 
a low supply voltage and still deliver 
a Closely regulated output of 3.3V 
or 5.0V. The actual output voltage is 
controlled by pin 2, and this can be 
configured on the PC board to suit the 
GPS module in use. 

Inductor L1 must have a saturation 
current rating of 1A or greater. This 
means that it should be wound with 
heavy gauge wire on a powdered iron 
core; an RF choke will not work. The 
parts list provides two alternatives. 
Also, both the 220uF capacitors must 
have a low ESR (equivalent series 
resistance). 

Diode D2 is a 1N5819 Schottky 
type specified for its low voltage 
drop. Don’t be tempted to substitute 
an ordinary silicon diode, because its 
higher voltage drop will lower the 
efficiency of the DC-DC converter 
and limit its operation at low battery 
voltages. 

Note that with a minimum bat- 
tery voltage of 2V and a 0.7V drop 
through Q2, the voltage delivered 
to IC2 can be as low as 1.3V. The 
MAX756 has a typical minimum 
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Calculating Battery Life 


With an application such as this, 
battery life is important. After all, what 
is the point of a clock that does not 
need adjustment if you are forever 
changing the batteries? 

To calculate the battery consump- 
tion, we need to divide the activity of 
the circuit into phases according to 
the current drawn from the battery. 

Then, for each phase, we determine 
the current consumption and its duty 
cycle (the percentage of time that the 
Current is drawn). 

Finally, we can calculate the aver- 
age current drawn per hour and then 
the battery lifetime for a given capacity 
of battery. The table below is the result 
for our prototype. 

This table clearly indicates what 
is the major power user and this is 
the current drawn while driving the 


(mA) (seconds) 
158355 
0.04 1 


PIC in sleep 0.004 
Clock step pulse 6 
During GPS synch 80 
Battery self discharge” 0.009 


clock’s stepper motor. This is where 
you should concentrate your efforts 
if you wish to improve the battery life. 

One way to do this is to reduce the 
width of the pulse using the set-up 
menu. Another option would be to 
increase the value of the 270 resistor 
which limits the current drawn by the 
clock’s stepper motor. 

If you experiment with either of 
these options you should connect a 
variable power supply in place of the 
batteries and test that your clock steps 
correctly at less than 2V, the minimum 
expected battery voltage. 

Don't just test it on its back either; 
stand the clock upright in its normal 
position because you might find that 
the stepper motor does not have 
enough power to lift the second hand 


against gravity. 
Consumption 
(mA hour) 


Total Time 
(seconds) 
158400 


Duty 
Cycle 
99.97% 
4.00% 
45 158400 0.03% 
1 1 


TOTAL DRAIN (mA hours) 


Lifetime for alkaline AA cells (capacity of 2400 mA hours*) in months 
* source: Energiser Alkaline Handbook Alk1.1 


start-up voltage of 1.1V, so normally 
it should be OK. 

However, the specs for the MAX756 
say that this might be as high as 1.8V 
on some devices. So, if you get one 
of these chips, you might find that 
the clock will shutdown (stop at 
12 o’clock) before the battery drops 


to 2V. This is unlikely, but the only 
solution is to try a few different chips. 
All our samples worked without fault. 

IC2 generates a reference voltage of 
1.25V, which is used in regulating its 
output voltage. This reference volt- 
age is also made available at pin 3 of 
the chip, and we pass it back to the 


microcontroller which uses it as a ref- 
erence to measure the battery voltage. 
By accurately measuring the battery 
voltage, we can stop the clock at the 12 
o’clock position before the batteries get 
too low to operate the microcontroller. 

Incidentally, the microcontroller is 
programmed to measure the battery 
voltage at the time of greatest current 
draw (about 160mA) when the GPS 
module is starting up. If you measure 
the battery voltage without a load, you 
will probably get a higher reading. 

The GPS module is one of the simpler 
parts of the circuit. It has two connec- 
tions for power, two for communica- 
tions to the microcontroller (transmit 
and receive data) and an enable signal. 
We pull the enable line high witha 1kQ 
resistor so that the module is always 
enabled when power is applied. 

As we do not send anything to the 
GPS module (the manufacturer’s de- 
fault configuration suits us just fine), 
the receive data line is also pulled 
high by the same 1kQ resistor. The 
10kQ resistor on pin 10 of the micro- 
controller limits the current into the 
microcontroller when the GPS module 
operates at a higher voltage. 

The microcontroller drives the clock 
stepper motor from pins 17 and 18. 
The 270 resistor limits the current 
so that the coil of the stepper motor 
sees about 1.5V, which is the normal 
supply for this type of clock. 

The clock pulses alternate so that 
the first clock pulse is delivered by 
momentarily raising pin 17 high while 
pin 18 is held low — this will step the 
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There is usually plenty of room (assuming the clock is large enough) to fit the PC board, which includes the dual AA battery 
holder and the GPS module. It can be held in place with some double-sided adhesive foam pads. 
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clock’s hands by one second. For the 
next second this is reversed, and pin 
18 is taken high while pin 17 is held 
low. This cycle is repeated to drive the 
clock’s hands around the dial. 


Construction 


All of the components for the GPS 
Clock, including the GPS module and 
the AA cell holder, are mounted on a PC 
board measuring 140mm x 57mm and 
coded 793. This board is available from 
the EPE PCB Service. The component 
overlay diagram is shown in Fig.2. 

Check the board carefully for etch- 
ing defects, shorted copper tracks or 
undrilled holes. Then install the four 
wire links on the board and continue 
with the low profile components, mov- 
ing up to the transistors and capacitors. 
When mounting the battery holder, use 
double-sided adhesive tape or put a dab 
of glue on its underside before soldering 
it in. This will hold it securely when 
you remove or replace the batteries. 

IC2 must be soldered directly to 
the printed circuit board. Do not use 
an IC socket as the switching cur- 
rent through L1 is quite high and the 


GPS Clock firmware 1.1 


Set timezone (hrs) 


Constructional Project 


(3.5mm STEREO PHONE PLUG) 


Fig.3 construction of the cable that connects the clock controller to 
a standard PC. You will need this if you want to change the settings. 


voltage drop through the socket con- 
tacts will prevent IC2 from working 
correctly at low battery voltages. 

On the other hand, you should use a 
socket for IC1 so that you can remove 
it for reprogramming. The PIC16LF88 
(IC1) must be programmed with the file 
GPS Clock .hex which will be available 
from the EPE website. 


GPS cable 


The GPS module comes with a con- 
nector cable with identical connectors 
at each end. We only need one, so cut 
the cable in the centre. This will give 
you two separate cables, each with a 
connector. 

On one of these cables you should 
bare the cut ends and solder them to 
the PC board, ready for the GPS mod- 
ule. The other cable can be used if you 
need to unplug the GPS module from 
the board and test with your computer 
(see box: Experimenting With The GPS 
Module). 

Solder in the 3-pin header for LK1. 
Then install the jumper to select 3V 
for the GPS module. This must be 
done before the board is powered up. 


PC board, code 798, available 
from the EPE PCB Service, 
size 140mm xX 57mm 
GlobalSat Technology EM- 
408 GPS module 

32.768kHz crystal (X1) 

47H high saturation inductor 
(Jaycar LF1274) 

3.5mm stereo phono socket 
momentary ‘click effect’ push- 
button switch 

dual AA battery holder 

18-pin IC socket 

2-way header plug, 2.54mm 
pitch 

2-way header socket, 2.54mm 
pitch, PC-mount, 90° pins 


2 AA alkaline cells 
Semiconductors 


1 


PIC16LF88-l/P microcontroller 
programmed with GPS Clock 
£Nex (IC1) 

MAX756CPA DC-DC Convert- 
er (lIC2). Available from: www. 
futurlec.com 

BC557 PNP transistor (Q1) 
BC327 PNP transistor (Q2) 
1N4148 diode (D1) 

1N5819 Schottky diode (D2) 
3mm red LED (LED1) 


Capacitors 
2 220uF 25V low ESR electro- 


lytic (Jaycar RE6324) 


1 10uF 16V electrolytic 
3 100nF monolithic 
2 22pF ceramic 


Resistors (0.25W 5%) 


1 100kQ 
2 4.7kQ 
e200 


22k 
1 1kQ 
1 47Q 


2 10kQ 
1 2709 


* The EM-408 GPS module specified 


Set daylight saving off suits the PC board pattern and also 


has an integral antenna.lt is avail- 
able from: www.sparkfun.com part 
number GPS-08234, or www-starlite 
intl.com or www.coolcomponents. 
co.uk and other suppliers). 

Other modules may have different 
spacing and require an external 
antenna. 


Set start daylight saving month 
Set start daylight saving Sunday 
Set end daylight saving month 
Set end daylight saving Sunday 


(msec) 
(hrs) 


Set clock pulse 
Set GPS update 


Quit Reproduced by arrangement 
with SILICON CHIP 
magazine 2011. 


www.siliconchip.com.au 


Command: 


The setup menu is self-explanatory and provides prompts to help you. You 
can use it to set the clock to operate anywhere in the world. 


Everyday Practical Electronics, March 2011 41 


Constructional 


If you don’t do this, pin 2 of IC2 
will float and might cause the IC 
to deliver a ‘lethal’ voltage to your 
GPS module. 


Powering up 
Before you plug in the GPS 
module, you need to make some 
tests. With IC1 plugged into its 
socket, insert two fresh batter- 
ies in the battery holder. After a 
second you should see one flash 
from the Startup LED, followed 
by a further two flashes another 
second or so later. These indicate 
that the microcontroller and the 
DC-DC converter, respectively, are 
working. If you do not get these 
indications you should refer to 
the section on troubleshooting below. 
After the double flash, the micro- 
controller will wait for two minutes, 
expecting some data from the GPS 
module before shutting down the DC- 
DC converter. In this time, you need to 
measure the voltage at the connector to 
the GPS module. It should be between 
3.2V and 3.5V, which is the safe range 
for the module. To reliably measure the 
voltage you need a load for the DC-DC 
converter, so connect a resistor of about 
330Q across your multimeter leads. 
Now that you have confirmed that 
you will not blow up your GPS mod- 
ule you can remove the batteries and 
plug in the GPS module. The module 
should be attached to the PC board 
using double-sided adhesive tape. 
Finally, replace the batteries and 
the controller should go through the 
whole startup sequence as described 
in the section on troubleshooting. 


Modifying the 
clock mechanism 


Jim Rowe’s article in the October 
2009 issue of EPE provided a good de- 
scription of the modifications required 
to access a clock’s stepper motor. You 
will have to remove the cover from the 
clock mechanism, identify the leads 
to the stepper motor coil, cut and ter- 
minate these somewhere, and finally 
connect them to a lead terminated with 
a 2-way header plug. The stepper motor 
coil should be easily identified, as it will 
bea large coil of enamelled copper wire. 
Every clock is different, so you will be 
on a journey of discovery here. 

You can check your modification 
by using a 1.5V battery. Just connect 
the battery to the wires leading to the 
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The insides of a typical quartz clock mechanism 
showing the modifications we made to terminate 
the connecting leads to the stepper motor coil. 


stepper motor coil, then reverse the 
battery and repeat. On each connection, 
the clock’s second hand should step by 
one second. 

The method of attaching the PC board 
to your clock will also vary, but in the 
simplest case, you can use double-sided 
adhesive tape to hold it onto the back of 
the clock. The board has been designed 
so that you can cut off the area holding 
the batteries or the area holding the 
GPS module, or both. This might come 
in useful if you need to squeeze it into 
a small space. 

Note that this design will only 
work with the standard type of quartz 
clock that ‘ticks’ every second. Some 
modern clocks with a sweep sec- 
ond hand employ a different drive 
mechanism and will not work with 
this controller. 


Troubleshooting 


Hopefully your clock will work first 
time, but ifit does not, you can use the 


Reallenm: Serial Capture Program #00. oF 


Dieplay | Pot | Capture | Pea | Send | EchoPon | ac | 120-2 | CMe | Mico | 
resp Sires (Chart 


c frp Rogers 
Tesninalfont| [27 3] fa #]  Scootback 


Char Counted 


Startup LED to help isolate the 
problem. This LED will flash 
during normal initialisation 
(when the set-up button is not 
pressed) to indicate that each 
step of the initialisation has been 
completed. The point at which 
it does not flash will indicate 
where you should start hunting. 
When you insert the batteries you 
should see the following signals 
in sequence: 


One flash: the microcontroller 
has started up. If you do not get 
this then something is fundamen- 
tally wrong with the microcon- 
troller or the batteries. 


Two flashes: the MAX756 DC-DC 

converter has started up (deter- 
mined by measuring a voltage on 
pin 3 of IC2). If you fail to get this 
signal you should check IC2 and its 
associated components. Check for 
approx 2.7V (with fresh batteries) 
on the collector of Q2 and between 
1,23V and. 1.27V on. pin 3 of IC2. 


Three flashes: the GPS module is 
working and has transmitted its 
startup message. If you do not get this 
then check the wiring to the module. 
The GPS module is very sensitive to 
its power supply. Check that this is 
between 3.2V and 3.5V. If you have 
an oscilloscope, check that there is 
less than 150mV peak-to-peak noise 
superimposed on the supply rail to 
the GPS module. 

Four flashes: the GPS module has 
locked on to sufficient satellites and 
has responded with an accurate time 
signal. This can take up to 90 sec- 
onds or more, so be patient. 


\a| Gear Freeze) _| 
ee 


You will need a PC terminal emulation program to change the clock controller’s 
settings. Many free programs are available for download on the Internet. 
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Immediately following the GPS 
lock (four flashes), the clock should 
double-step around the dial to reach 
the correct time. If this does not hap- 
pen, it means that the crystal oscilla- 
tor (X1) is not working or the clock’s 
stepper motor is not correctly wired 
to the controller. In particular, check 
that you have isolated the clock’s 
electronic module and soldered 
your wires properly to the stepper 
motor coil. 


Incidentally, to save the clock from 
having to double-step for hours to reach 
the correct time, it makes sense to power 
up the clock shortly after 12 o’clock (ie, 
your local time). In that way, it will only 
take about ten minutes or so for the clock 
to finish double stepping and revert to 
normal accurate time keeping. 


Set-up 

By default, the controller software 
is configured for the NSW, Victorian 
and Tasmanian time zone and daylight 
saving rules. If you live in these states 
and the government has not changed 
the daylight saving rules (unlikely), 
then you do not need to do anything. 

If you live elsewhere, you will need 
to change the settings by connecting the 
GPS Clock to a serial RS232 port on a 
personal computer. If your computer 
does not have a ‘legacy’ serial port 
then a USB-to-RS232 converter cable 
will do fine. 

The cable from the clock control- 
ler to the PC is the same as the serial 
download cable used by Revolution 
Education Ltd for their PICAXE ex- 
perimenter board, so if your have been 
programming PICAXEs, you can get 
double use from it! It is terminated at 


Reallenm: Serial Capture Program #.0.0,57 
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Constructional Project 


Experimenting With The GPS Module 


If you would like to experiment with the GPS module, you can connect it 
directly to your personal computer using the circuit below. If you do change 
the settings of the module, remember to reset it to the manufacturer's default 
configuration before using it in the clock controller. 

Descriptions of the commands accepted by the EM-408 are available on the 
Internet. Search for ‘EM408 User Guide’ and ‘SiRF NMEA Reference Manual’. 


16 
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Fig.4: GPS Module to PC test interface. This can be constructed on a small 
piece of perforated board, and may be useful if you need to diagnose a fault 
or reset the module if it becomes stuck in a strange mode. 


one end witha stereo phono connector 
and a 9-pin D connector at the other 
end —see Fig.3 for details. These cables 
are available from Microzed (www. 
microzed.com). 

You will also need a serial terminal 
emulation program running on your 
computer configured for 4800 baud, 
8 data bits, no parity and one stop bit. 
Many free programs are available on the 
Internet, including PuTTY, RealTerm or 
Hercules Terminal Emulator. Use Google 
to search for one or more of these names. 

To enter set-up mode, hold down 
the Set-up button while you install 


\n| Clear Freeze) _ | 
Hah 


It is easy to reconfigure the clock for different time zones and clock mechanisms. 
When you change a setting you are prompted to enter the correct data. 
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fresh batteries and continue to hold 
it down until you see the menu. The 
Startup LED will also flash when the 
microcontroller transmits a character 
to your computer, and this may help in 
diagnosing communication problems. 

If you are observing daylight saving 
you can select any month for the end 
or start. You can also set the day for 
the event (1st, 2nd, 3rd or last Sunday 
in the month). The time of the day that 
daylight saving starts (2am) is fixed in 
the program, as is the end time (3am). 

The clock pulse width can be changed 
in steps of 8ms and this setting might 
need to be adjusted to suit your clock. 
Most clocks work with the default 
40ms, but some may need 48ms or even 
56ms to reliably step with a low battery 
voltage. Finally, to gain a little extra 
accuracy or improve battery life you 
can change the interval between GPS 
synchronisations. 

All changes are saved in non-volatile 
memory and therefore will be retained, 
even when you remove the battery. 

Well, that’s it. With your clock prop- 
erly set up you can hang it on the wall 
and be assured that at least one clock 
in the house is accurate. 

Incidentally, you can also check the 
clock’s accuracy at any time if you 
have Internet time enabled on your 
desktop computer. EPE 
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Constructional 


Manual 2-Way 


USB Device Switch 


This simple device allows two computers to share a single USB 
printer or some other USB device, such as an external flash 
drive, memory card reader or scanner. A rotary switch selects 
the PC that you wish to use with the USB device, while two LEDs 
indicate the selected PC. 


By JIM ROWE and GREG SWAIN 


HE MOST common way to share 

a USB printer between two PCs is 
to use one machine as a print server. 
However, that’s not always convenient 
because it means that the server PC 
must always be on if you want to print 
something. 

That can be a real nuisance if you 
just want to quickly fire up the other 
machine and print something out. 
It also means that the two PCs must 
be networked together, either via a 
hub/router or directly via an ethernet 
crossover cable. 

Another way is to use a dedicated 
USB print server. However, as before, 
this must be connected to an ethernet 
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network, along with the PCs. Such 
devices also need their own power 
supply, generally cost well over £50 
and are overkill if you just want to 
share a single USB printer between 
two computers for occasional printing 
in a home set-up. 

That’s where this simple device 
comes in. It’s basically a 2-way switch 
box that lets you manually switch your 
USB printer from one PC to the other, 
as required. The switching is performed 
using a rotary switch, while two LEDs 
on the front panel indicate which PC 
has been connected to the printer. 

This method has several advantages. 
First, you don’t need to network your 


two computers. Second, you can 
print from either machine with the 
other turned off. And third, the device 
doesn’t need a power supply. 

It’s also cheap to build and easy to 
set up —just run standard USB Type A 
to Type B cables from your PCs to the 
USB Switch, and connect a third cable 
from the switch to the printer. That’s it. 


Other devices 


This device is not simply confined 
to switching a USB printer —it can also 
be used to switch other USB devices, 
such as USB flash drives, memory 
card readers, USB digital picture 
frames and scanners. However, if you 
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Palitsalist 


1 PC board, code 796, available 
from the EPE PCB Service, 
77mm X 46mm 

1 UB5-size plastic utility box, 
83mm x 54mm x 31mm 

1 front panel label, 48mm x 77mm 

2 Type B USB sockets, PC-mount 
(CON1, CON2) 

1 Type A USB socket, PC-mount 
(CONS) 

1 PC-mount 4-pole, 3-position 
rotary switch, with knob to suit 

4 M3 x 15mm tapped spacers 

4 M3 x 6mm machine screws 

4 M3 x 6mm countersink-head 
machine screws 

2 3mm red LED (LEDstand2) 

1 470Q resistor 


are switching a USB flash drive, you 
must always be sure to go through the 
‘Safely Remove Hardware’ procedure 
before switching over, otherwise you 
could lose data. 


Circuit details 


Let’s take a look at the simple circuit, 
shown in Fig.1. 

There’s not much to it. At the left, 
we have two USB Type B sockets to 
accept the signals from the two PCs 
(PC1 and PC2). These are the upstream 
ports and their V+, D— and D+ (data) 
lines are connected to switches Sia 
to Sic respectively, while their GND 
terminals (pin 4) are commoned and 


TO 
PRINTER 


= 


CON3 
USB TYPE A 
SOCKET 


Fig.1: the circuit uses switch poles Sia to Sic to select either USB socket 
CON1 or CON2 and connect its pins through to CON3. The fourth pole (Sid) 
selects either LED1 or LED2, to indicate which PC has been selected. 


FROM PC1 


FROM PC2 


TO PRINTER 


Fig.2: install the parts on the PC board as shown here. Note particularly the 
orientation of switch S1. It’s mounted so that the flat side of its shaft faces 
CON3 when the switch is in the centre position. 


fed through to pin 4 of USB Type A 
socket CON3. 

Basically, S1 is wired as a 4-pole 
3-position switch. However, the cen- 
tre position is unused. That’s been 
done to ensure a clean break when 
switching between positions 1 and 2 
of each pole, so that either a break- 
before-make or a make-before-break 
switch can be used. 

In operation, Sia to Sic simply se- 
lect between USB sockets CON1 and 
CON2. In position (1), the outputs from 
CON1 are selected and fed through to 
the downstream USB output socket 
(CON3). Conversely, in position 2, 
CON2’s outputs are selected and fed 
through to CON3. 

Switch pole S1d selects between 
LED1 and LED2, to indicate which 
input socket (and thus which PC) is 
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selected. These two LEDs connect to 
the V+ (+5V) lines from CON1 and 
CON2 respectively, while the associ- 
ated 470Q resistor to ground provides 
current limiting (to about 10mA). 

As a result, LED1 lights when S1 
selects position 1 (CON1), while LED2 
lights for position 2 (CON2). 

CON3 is a USB Type A socket. This 
is connected to the USB device (eg, a 
printer) via a standard USB Type A to 
Type B cable. 


Construction 


All the parts for the USB Switch are 
mounted on a small PC board coded 
796 (see PCB Service) and measuring 
77mm x 46mm. This assembly fits in- 
side a standard UB5-size plastic utility 
box, with rectangular cutouts at either 
end to access the USB sockets. 
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Constructional 


Fig.2 shows the parts layout on the PC 
board. Begin the assembly by installing 
the five wire links and the 4700 resistor. 
The three USB sockets can then be in- 
stalled. Make sure these sit flush against 
the PC board before soldering their pins, 
and don’t forget to solder the large tabs 
on either side of each socket. 

Switch S1 is next. First, cut its shaft 
to 10mm, then install it on the board so 
that the flat side of the shaft faces CON3 
when the switch is in the centre posi- 


@ tion. Be sure to push the switch all the 


USB SWITCH 


way down, so that it sits flush against 

the board before soldering its pins. 
Once the switch is in, fit an M3 x 

15mm tapped spacer to each corner 


PERIPHERAL e mounting position. Secure these using 
M3 x 6mm screws. The board assembly 
is then complete except for the two 
(Oo) © LEDs, which we’ll come to shortly. 


Final assembly 
| HOLES A: 3.0mm DIAMETER 


AN MItLMeTRes. —- @_ HOLES B: 3.0mm DIAM, CSK Fig.3 shows the drilling details for 

HOLE C: 9.0mm DIAMETER the case lid. Four 3mm mounting holes 
Fig.3: this diagram shows the drilling and cutout details for the lid (left), are required for the PC board, two 3mm 
together with the full-size front-panel artwork (right). holes for the LEDs and a single 9mm 


hole for the switch shaft. 

Fig.3 also shows the full-size art- 
work for the front-panel label. This can 
be photocopied and glued to the lid of 
the case. But first, protect it by covering 
it with clear contac film, then attach it 
to the lid using a thin smear of silicone 
sealant as the adhesive. Wait until the 
silicone dries before cutting out the 
holes using a sharp hobby knife. 

The PC board can now be attached 
to the lid. First, slip the two LEDs into 
position (check their orientation), then 
secure the board to the lid using four 
M3 x 6mm countersink-head screws. 
That done, fit the switch nut, then push 
the LEDs through their front-panel 


This is the fully-assembled PC board. Be sure to install the rotary switch holes and solder their leads. 

with the flat side of its shaft towards CON3 (at right) when the switch is in The final step is to make the cutouts 
the centre position. The LED leads are soldered after the board has been in the ends of the case for the USB 
attached to the lid (see text). sockets. You will need two 12 x 10mm 


cutouts for the type B sockets and a 17 
x 9mm cutout for the type A socket. 
These can be made by first marking out 
their positions, then drilling a series 
of holes around the inside perimeters, 
knocking out the centre pieces and 
filing them to a neat finish. 

That’s it — your USB Switch is now 
complete. Attach the lid to the case, fit 
the knob and it’s ready to go. EPE 


Reproduced by arrangement 


Nie , with SILICON CHIP 
The PC board is attached to the lid of the case using four M3 x 15mm magazine 2011. 


tapped spacers and M3 x 6mm machine screws. www.siliconchip.com.au 
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High definition 

ID YOU know that the first public high-definition (HD) 

TV broadcast in the United States took place as long ago 
as 1996? At first, there was so little HD content available that 
having an HD set really wasn’t worth it. Even when more and 
more channels started to provide HD content, I told myself that 
I was happy with my big old standard-resolution CRT TV. Then, 
around a year ago, as I blog away, my wife went shopping for 
something or other and came back with a 46-inch HD TV, which 
meant that I had to upgrade our satellite TV service to HD (mut- 
ter mutter, grumble grumble). Wow! What a difference! I love 
our new HD TV! Even when playing regular DVDs of old mov- 
ies like Meet Me in St. Louis from 1944 featuring Judy Garland, 
my wife and I keep on spotting details we never saw before. 

Of course, technology continues to race forwards. Consider 
the fact that current 1080p (two megapixel) HD displays — as 
wonderful as they are — are already well on their way to be- 
coming obsolete. In the very near-term future we’re going to 
start hearing more and more about next generation TV sets and 
projectors and suchlike. For example 4K2K (4096 x 2400 pixels 
= 10 megapixels) followed by 8K4K (7680 x 4320 pixels = 33 
megapixels), where this latter version is also known as ‘Super 
Hi-Vision’ or ‘Ultra HDTV’. 


Not science fiction 

What? You think this is science fiction, or at least way in the 
future? Well, did you know that Japan has announced plans to 
make 8K4K a broadcast standard by 2015, and the BBC has 
plans to broadcast the 2012 Olympic games in 8K4K? 

AND... in addition to all of this, there’s the advent of 3DH- 
DTV. We’ve all seen 3D films like Avatar or Toy Story 3 at the 
cinema. Of course, you have to wear special glasses (which is a 
pain), but the resulting images are really good. 

More recently, 3D television sets have started to appear. As far 
as I know, all of these also currently require you to wear special 
glasses (which, as we noted, is a pain) ... plus the amount of 
3D content that is available is still extremely limited, but all of 
this is set to change. For example, the Discovery Channel has 
committed to start recording everything in 3D in the immediate 
future, and other channels are sure to follow. 

I don’t fully understand the technology behind all of this, but 
I’ve been told that it won’t be long before 3D HD TVs become 
available that don’t require the wearing of special glasses. The 
great thing is that this doesn’t affect the way in which the digital 
content is recorded per se — so long as you have two stereoscopic 
digital video streams, it will be up to the various 3D display 
technologies to render these streams as they wish. 

But wait, there’s more, because I recently discovered that 
there are 3D cameras and display devices that are available to- 
day. Take a look at the amazingly cool Aiptek 3D-HD High Def- 
inition 3D Camcorder, which is available from Amazon.com for 
199.99 US dollars. 

This little beauty takes still images or videos. On the front are 
two cameras, each with a resolution of 640 x 720 pixels. Combined, 
this gives a resolution of 1280 x 720, which is why this camera is 
said to be high-definition (HD). To be honest, I think I would really 
class 1080 x 720 (or higher) for each camera as being HD ... but 
maybe that’s really just quibbling on my part (what do you think’). 
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ax’s Cool 


On the back, there’s a 
2.4-inch LCD preview 
screen that utilises what 
the manufacturer refers to 
as ‘Parallax Barrier Tech- 
nology’ to provide a 3D 
display without the need 
for any special. You can 
watch footage in 3D 
live as you record it, 
and also use the LCD 
for instant 3D play- 
back. 

There’s even more, 
because there is also 
an associated digital 
picture frame with an 
8-inch LCD screen 
that displays photos 
and videos in 3D. 
This is the Aiptek 
Portable 3D Photo 
and Video Display, 
which is also avail- 
able from Amazon.com for 179 US Dollars. 

The point of all this is that I think 3D really is going to be the 
wave of the future. It won’t be long before every cell-phone and 
similar gadget will be able to take photos and videos in 3D, and 
every display device — like your computer and TV — will be able 
to present these images without the need for special glasses. 

I think all of this is going to happen much faster than you 
might think. Just this morning, for example, I opened a maga- 
zine and saw an article about the forthcoming Nintendo 3DS 
dual-screen handheld gaming device that will have 3D graph- 
ics with no special glasses required. Wow! We truly do live in 
exciting times. 


Aiptek 3D-HD 3D camcorder 


3D is for me! 

As you may recall, in my last column I mentioned the Optima 
PK301 Pico Projector, which is an image/video projector that 
you can drive from your computer (or smartphone or whatever) 
and that’s small enough to fit in the palm of your hand. At that 
time I promised to report back when I got a chance to play with 
it. Well, I did get to play with it and I am very impressed. The 
PK301 obviously isn’t as powerful as a larger projector, so you 
do have to dim the room lights to use it, but the resulting image 
is still very reasonable. 

All-in-all, I have to say that the PK301 is a very tasty little 
unit that will be a lot of use when I’m giving seminars to small 
groups of people. Until next time, have a good one! 


Check out ‘The Cool Beans Blog’ 
at www.epemag.com 


Catch up with Max and his up-to-date 
fopical discussions 
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Part 5: Operational amplifiers 


By Mike and Richard Tooley 


Our Teach-In series is designed to provide you with a broad-based introduction to electronics. We have 
attempted to provide coverage of three of the most important electronics units that are currently studied in 
many schools and colleges in the UK. These include Edexcel BTEC Level 2 awards, as well as electronics 
units of the new Diploma in Engineering (also at Level 2). The series will also provide the more experienced 
reader with an opportunity to ‘brush up’ on specific topics with which he or she may be less familiar. 


Each part of our Teach-In series is organised under five main headings; Learn, Check, Build, Investigate and 
Amaze. Learn will teach you the theory, Check will help you to check your understanding, and Build will give 
you an opportunity to build and test simple electronic circuits. Investigate will provide you with a challenge 
which will allow you to further extend your learning, and finally, Amaze will show you the ‘wow factor’! 


prise large numbers of transis- 

tors and other components built 
on a single small slice of silicon. 
This allows complex circuits, such 
as a complete radio receiver, to be 
built in a package that’s smaller 
than the nail on your little finger. 
Any additional components, such 
as inductors and capacitors (dif- 
ficult to manufacture in integrated 
circuit form) and other components 
that need to be externally accessi- 
ble are then connected as external 
‘discrete’ components. 

In this instalment of Teach-In 
2011, we will be investigating one of 
the most common types of integrated 
circuit, the operational amplifier (op 
amp). In Build, you will be using 


’ NTEGRATED circuits (ICs) com- 
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Circuit Wizard to simulate a variety 
of operational amplifier circuits, 
while Investigate challenges you 
to explain the operation of a simple 
oscillator circuit. Finally, in Amaze, 
we Shall look back at the technol- 
ogy that we used before integrated 
circuits became available. 


Integrated circuits 


Used in a huge variety of different 
applications, operational amplifiers 
are probably the most common and 
versatile form of analogue integrated 
circuit. Fig. 5.1 shows the ubiquitous 
741 operational amplifier, while Fig. 
5.2 shows what’s inside the 8-pin 
dual-in-line package. 


Fig.5.1. The famous 741 operational 
amplifier, which is supplied in an 
8-pin dual-in-line package 
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You can think of an operational 
amplifier as a universal ‘gain block’ to 
which a few external components are 
added in order to define the particular 
function of a circuit. For example, by 
adding just two external resistors, you 
can produce an amplifier having a 
precisely defined gain. From this you 
might begin to suspect that operational 
amplifiers are really easy to use. The 
good news is that they are! 


Op amp 

The symbol for an operational am- 
plifier is shown in Fig. 5.3. There area 
few things you need to note about this. 

The device has two inputs and one 
output and no common connection. 
Notice also that one of the inputs is 
marked —’ and the other is marked ‘+’. 
These polarity markings have nothing to 
do with the supply connections — they 
indicate the overall phase shift between 
each input and the output. The ‘+’ sign 
indicates zero phase shift while the ‘—’ 
sign indicates 180° phase shift. 

Since 180° phase shift produces 
an inverted (ie, turned upside down) 
waveform, the —’ input is often referred 
to as the ‘inverting input ’. Similarly, the 


Fig.5.2. Internal circuit 
of the 741 operational 
amplifier (op amp) 


Non-inverting input 
(pin-3) O—— 


Inverting input 
(pin-2) © 


Offset null a 
(pin-1) 


Offset null 
(pin-5) “© 


‘+’ input is known as the ‘non- 
inverting input. Furthermore, 
we often don’t show the sup- 
ply connections as it is often 
clearer to leave them out ofthe 
circuit altogether and just as- 
sume that they are connected 
to every chip! 

Most (but not all) opera- 
tional amplifiers require a 
symmetrical supply of typi- 
cally between +6V and +15V. 
This allows the output voltage 
to swing both positive (above 
OV) and negative (be- 
low OV). Figure 5.4 
shows how the supply 
connections would 
appear if we decided 
to include them. Note 
that we usually have 
two separate supplies; 
a positive supply and 
an equal, but opposite, 
negative supply. The 
common connection 
to these two supplies 
(i.e., the OV rail) acts as 
the common rail in our 
circuit. The input and 
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+ve supply 


Inverting input 
Non-inverting 
input 
-ve supply 


Fig.5.3. Symbol for an operational amplifier 


+V supply rail 


Positive rail 
supply 


Common OV rail ' : 
1 Negative rail 


1 supply 
hie 


-V supply rail 


Fig.5.4. Supply rails for an operational amplifier 


+Voc 
(pin-7) 


Output 
(pin-6) 


+Voec 
(pin-4) 


‘.. 
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output voltages are usually measured 
relative to this rail. 


Gain 

Before we take a look at some of 
the characteristics of operational 
amplifiers, it is important to define 
some of the terms and parameters 
that we apply to amplifiers generally. 
One of the most important of these is 
the amount of amplification or ‘gain’ 
that a device provides. To keep things 
as simple as possible we will use an 
‘equivalent circuit’ to represent an 
amplifier, as shown in Fig.5.5. This 
is much easier to work with than the 
circuit that we met earlier in Fig.5.2. 

In Fig.5.5 the amplifier is repre- 
sented by a ‘black box’, with two input 
and two output terminals. Note that 
in practice, one of the input terminals 
is often directly linked to one of the 
output terminals and then referred 
to as ‘common’. The input resistance 
(Rj, in Fig.5.5) is the resistance that we 
would ‘see’ looking into the two input 
terminals, while the output resistance 
(Rout in Fig.5.5) is the resistance that 
we would ‘see’ looking back into the 
two output terminals. The voltage 
produced by the amplifier is shown 
as a ‘constant voltage generator’ (the 
circle with the sinewave inside). 

Gain is simply the ratio of what 
we get out to what we put in. So, for 
example, voltage gain is defined as 
the ratio of output voltage to input 
voltage. As a formula, this is: 


y 


a olie, 
a7 


in 
where A, represents voltage gain and 
Vout and Vj, are the output and input 
voltages respectively. 

Similarly, current gain is defined 
as the ratio of output current to input 
current. As a formula, this is: 


where A; represents current gain and 
Tout and Gy are the output and input 
current respectively. 
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Input Vip 


Vout Output 


Fig.5.5. Equivalent circuit of an amplifier 


Finally, the power gain of the 
amplifier is defined as the ratio of 
output power to input power. As a 
formula, this is: 


where A, represents voltage gain and 
Pout and P;, are the output and input 
voltages respectively. 

Now power is the product of volt- 
age and current, thus: 


lr = ta KV sc and Fn = Ls XV 
Combining these relationships gives: 
IV. 
A, — _ out out =AXA 
i as 


This tells us that the power gain 
of an amplifier is the product of the 
current gain and voltage gain. 


Input resistance 


The input resistance of an amplifier 
is defined as the ratio of input voltage 
to input current: 


where Rj, is the input resistance (in 
ohms), Vj, is the input voltage (in volts) 
and J;, is the input current (in amps). 


Output resistance 


The output resistance of an ampli- 
fier is defined as the ratio of open- 
circuit output voltage to short-circuit 
output current. Thus: 


R = Y satlaey 


out 
I 


where Roy is the output resistance 
(in ohms), Vout(oc) is the open-circuit 
output voltage (in volts) and Iput(sc) 


out(sc) 


is the short-circuit output current 
(in amps). 


Example 1 


An amplifier produces an output 
voltage of 2V when supplied with an 
input of 4mV. Determine the value of 
voltage gain of the amplifier. 


Solution 
Now: 
= en, 

Ay, 

Thus 
3 
7 2 . 2x10 — 500 

4x10 4 

Example 2 


An amplifier has an input resistance 
of 2MQ. What current will flow into 
the input of the amplifier when a volt- 
age of 50mV is applied? 


Solution 
Now: 
Ri, — vin 
de 
Thus: 
_V,, 50x10" 
° Rin 2 x 10° 


= 25x10’ A =25nA. 


Please note! 

Equivalent circuits provide us with 
a way of understanding the behaviour 
of electronic devices and circuits 
operate. 


Operational amplifier 


characteristics 

Having now defined the parameters 
that we use to describe amplifiers, it is 
worth considering the characteristics 
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that we would associate with an ‘ideal’ 
amplifier. These are: 


(a) The voltage gain should be as 
largeas possible, so thatalarge output 
voltage will be produced by a small 
input voltage 


(b) Theinputresistance should be as 
large as possible, so that only a small 
input current will be taken from the 
signal source 


(c) The output resistance should be 
aslowas possible, soas nottolimitthe 
output current and power delivered by 
the amplifier 

(d) Bandwidth should be as wide 
as possible so as not to limit the fre - 
quency response of the amplifier. 


Fortunately, the characteristics of most 
modern operational amplifiers come very 
close to those of an ‘ideal’ operational 
amplifier, as shown in Table 5.1. 


Table 5.1. Ideal and typical characteristics 


of an operational amplifier 


Parameter 
Voltage gain 


Input resistance 
Output resistance 
Bandwidth 


Gain and bandwidth 


It is important to note that the 
product of gain and bandwidth is 
a constant for any particular opera - 
tional amplifier. This means that an 
increase in gain can only be achieved 
atthe expense of bandwidth,and vice 
versa .In practice, we control the gain 
(and bandwidth) of an operational 
amplifier by applying a fixed amount 
of negative feedback 

Figure 5.6 shows the relationship 
between voltage gain and bandwidth 
for a typical operational amplifier 
(note that the axes use logarithmic, 
rather than linear scales). The open- 
loop voltage gain (ie, that obtained 
with no external feedback applied) is 
100,000 and the bandwidth obtained 
in this condition is a mere 10Hz. The 
effect of applying increasing amounts 
of negative feedback (and consequent - 
lyreducingthegaintoamoremanage- - 
able amount) is that the bandwidth 
increases in direct proportion. 


Frequency response 


The frequency response curves 
in Fig.5.6 show the effect on the 
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ideal [ical 
ver nigh [100,000 
Ver tigh [100m 
Veyiow oa 
Vewide [awa 


bandwidth of making the closed-loop 
gains equal to 10,000, 1,000, 100, 
and 10. Table 5.2 summarises these 
results. You should also note that the 
(gain x bandwidth) product for this 
amplifier is 1 x 10°Hz (ie, MHz). 

We can determine the bandwidth 
of the amplifier when the closed loop 
voltage gain is settoa particular value 
by constructing a line and noting the 
intercept point on the response curve. 


Please note! 

The product of gain and bandwidth 
for an operational amplifier is a con- 
stant. Thus an increase in gain can 
only be achieved at the expense of 
bandwidth, and _ vice versa . 


Please note! 


When negative feedback is applied 
to an amplifier the overall gain is 


Voltage gain 


| | | 
nso) TN || 
cw |_| [SJ 
io” 40° 16 46° 10° 46° 410° 


Frequency (Hz) 


Fig.5.6. Frequency response curves for 
an operational amplifier 


Table 5.2. Relationship between voltage gain and 
bandwidth for an operational amplifier 


reduced and the bandwidth is in~ - 
creased. When positive feedback is 
applied to an amplifier the overall 
gain increases and the bandwidth is 
reduced. In most cases this will result 

in instability and oscillation. 


Amplifier configurations 


The three basic configurations 
for operational voltage amplifiers 
are shown in Fig.5.7. As mentioned 
earlier, supply rails have been omit - 
ted from these diagrams for clarity 
but are assumed to be symmetrical 
about OV. 

The voltage gain for the inverting 
amplifier shown in Fig. 5.7(a) is given 
by the expression: 


Ay -_ La = Ry 
Vin Rn 


The minus sign in the voltage gain 
expression is included to indicate in - 
version (ie, a positive input voltage will 


with a gain-bandwidth product of 1MHz 


Voltage gain (Av) Bandwidth 


DC to 1MHz 


nek ae 
40 | to 001 
100 


bce 10H 
i000 |b to ake 
40000 | cto 00H 
"t00000 [ecto 0m 


produce a negative output voltage, and 
vice versa ). To preserve symmetry and 
minimise offset voltage, a third resis —- 
tor is often included in series with the 
non-inverting input. The value of this 
resistor should beequivalenttothepar — - 
allelcombinationof Ry and Rre.Hence: 


R, XR 
Ben ne 
The voltage gainforthenon-invert — - 


ing amplifier shown in Fig.5.7(b) is 
given by the expression: 


A — Vow 21 4 he 


V 
in IN 


Finally, the voltage gain forthedif — - 
ferential amplifier shown in Fig.5.7(c) 
is given by the expression: 


hy =Voe = Von = Be 
Vin Va Vy Ry 


a1 
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Where V, and V> are the voltages at 
the input resistance ( Ry jy) connected 
to inverting and non-inverting inputs 
respectively. 


Limit capacitor 

All of the amplifier circuits de- 
scribed previously have used direct 
coupling and thus have frequency 
response characteristics that extend 
to DC. This, of course, is undesirable 
for many applications, particularly 
where a wanted AC signal may be 
superimposed on an unwanted DC 
voltage level. 

In such cases a capacitor of ap_~ - 
propriate value may be inserted 
in series with the input, as shown 
below. The value of this capacitor 
should be chosen so that its reac. - 
tance is very much smaller than the 
input resistance at the lower applied 
input frequency. 

We can also use a Capacitor tore - 
strict the upper frequency response of 
an amplifier. This time, the capacitor 
is connected as part of the feedback 
path. Indeed, by selecting appropri - 
ate values of capacitor, the frequency 
response of an inverting operational 
voltage amplifier may be very easily 
tailored to suit individual require - 
ments (see Fig.5.8 and Fig.5.9). 

The lower cut-off frequency is 
determined by the value of the input 
capacitance, C1,andinput resistance, 
R1. The lower cut-off frequency is 


given by: 
i= l _ 0.159 
27C1R1 CIRI 


Where C1 is in farads and 
ohms. 


R1 isin 


(c) Differential amplifier 


Fig.5.7. The three basic configurations 
for operational voltage amplifiers 


Provided the upper frequency re_ - 
sponse it not limited by the gain x 
bandwidth product, the upper cut-off 
frequency will be determined by the 


feedback capacitance, C2, and feed - 
back resistance, R2, such that: 
1 0.159 


f= = 
27C2R2 C2R2 


Voltage gain 


0.707Aymax 


Low-frequency roll-off 


Lower cut-off, f; 


Where C2isinFarads and R2isin 
ohms. 
Example 3 


An inverting operational amplifier 
is to be designed to the following 
specification: 

Voltage gain = 20 

Input resistance (at mid-band) = 

10k ? 

Lower cut-off frequency = 100Hz 

Upper cut-off frequency = 10kHz 

Devise a circuit to satisfy the above 


specification using an operational 
amplifier. 


Solution 


To make things alittle easier, we can 
breakthe problem downintomanage- - 
able parts. We shall base our circuit 
on a single operational amplifier con- 
figured as an inverting amplifier with 
capacitors to define the upper and 
lower cut-off frequencies, as shown 
in the Fig.5.8. 

The nominal input resistance is the 
same as the value for R1. 


Thus: 
R1=10kQO 


Todeterminethevalueof R2wecan 
make use of the formula for mid-band 
voltage gain: 


Ay = R2/R1 


Thus: 


R2= Ay Xx R1=20 x 10kO 
= 200kO 


High-frequency roll-off 
due to C2 


Flat mid-band response ra 


Bandwidth, (f2 - f;) 


Frequency 
Upper cut-off, f, 


Fig.5.8. An inverting amplifier with capacitors to limit 
both the low and the high frequency response 
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Fig.5.9. Amplifier frequency response 
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Todeterminethevalueof C1wewill 
use the formula for the low frequency 
cut-off: 


From which: 


0.159 ~~ 0.159 
fiR1 1100x1010" 


— 0.159 
1x10 


Finally, to determine the value of 
C2 we will use the formula for high 
frequency cut-off: 


0.159 


C1 


=0.159 x10 °F =159nF 


f2= C2R2 Fig.5.10. Complete amplifier circuit showing component values for Example 3 
From which: 
Input voltage, Vin 
C7 = 9:19? - aE : 
f2R2 10x10° x200 x10 
— 9-199 9.159 x0.5 x10°F =80pF 
2 x10° 


The circuit of the amplifier is shown 
in Fig. 5.10. 


Other applications Fig.5.11. A voltage follower 


As well as their application as a 
general purpose amplifying device, 
operational amplifiers have a number 
of other uses. We shall conclude this 
month's Learn § by taking a brief look 
attwoofthese, voltagefollowers and 
comparators . 

Avoltagefollowerusinganoperation = - 
al amplifier is shown in Fig.5.11. This 
circuit is essentially a non-inverting 
amplifier in which 100% of the output 
is fed back to the input. The result is an 
amplifier that has a voltage gain of 1 (ie, | The output voltage produced by the 


Output voltage, Vour 


Fig.5.12. Typical input and output 
waveforms for a voltage follower 


Input voltage, V; 


Fig.5.13. A comparator 


‘unity’),avery highinputresistanceand operational amplifier will thus rise to 
avery high outputresistance. This stage the maximum possible value (equal 
is often referred to asa buffer and is used to the positive supply rail voltage) Silat WONG Va 
for matching a high-impedance circuit whenever the voltage present at the 
to a low-impedance circuit. non-inverting input exceeds that 
Typical input and output waveforms present at the inverting input. Con~ - 
for a voltage follower are shown in versely, the output voltage produced 
Fig.5.12. Notice how the input and by the operational amplifier will fall 
output waveforms are both in-phase tothe minimum possible value (equal 
(they rise and fall together) and that to the negative supply rail voltage) Output voltage, Vour 
they are identical in amplitude. whenever the voltage present at the 
A comparator using an operational inverting input exceeds that present 


amplifier is shown in Fig.5.13. Since at the non-inverting input. 

no negative feedback has been ap_ - 

plied, this circuit uses the maximum Fig.5.14. Typical input and output 
gain of the operational amplifier. | waveforms for a comparator 
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Typical input and output wave 
forms for a comparator are shown 
in Fig.5.14. Notice how the output 
is either +15V or -15V depending 
on the relative polarity of the two 
inputs. 


Check — 


How do you think 
you are doing? 


5.1. Sketch the circuit symbol for 
an operational amplifier. Label each 


of the connections. 
5.2. Sketch an equivalent circuit 


for an amplifier showing the input 
and output resistances. Label your 


drawing . 


5.3. List four desirable characteris  - 
tics of an ‘ideal’ amplifier. 


The Circuit Wizard way 


OW we've heard the theory, 

let's use Circuit Wizard to try 
outsomepracticaloperationalam = - 
plifier circuits. Circuit Wizard is a 
really neat way to explore this kind 
of theory because students often 
find it hard to successfully build 
operational amplifiers circuits on 
prototyping boards. 

This might be dueto needing dual 
rail power supplies, or the fact that 
students find it hard to transpose 
the schematic diagram into a ‘real 
life’ circuit where incorrect layout 
can cause confusing results! Fortu—- 
nately, we can do away with these 
problems when investigating these 
devices using Circuit Wizard. So 
let'slookatasimpleoperationalam ~— - 
plifier circuit connected in a non- 
inverting amplifier 
configuration. 


Please note! 


W hen capturing 
a schematic based 


circuit you are entering — So make 
sure that you double check! 

Fortunately, it’s really easy to 
change this; just right-click the op 
amp and click ‘arrange’ then ‘mir 
ror’ (See Fig.5.15). It is important 
to note that by ‘mirroring’ the op 
amp, the supply connections re 
main unchanged, ie the positive 
supply at the top and negative at 
the bottom. 


Inverting amplifier 


With the foregoing in mind, enter 
the circuit shown in Fig.5.16.In this 
circuit we have a 2V variable input 
voltage connected to our invert 
ing input, with our non-inverting 
input connected to ground (OV). 
Recalling what we learned earlier, 


5.4. An amplifier produces an out- onoperationalam - Cut Ctrl 
put of 1.5V when an input of 7.5mV plifiers it is im - Copy = Ctrl+C 
is present. Determine the value of portant to double % Delete Del 
the voltage gain. check the orien - Symbol | 
tation of the two Arrange a Gy Lock Ctrl+k 


5.5. An amplifier has a voltage gain 
of 50 and a current gain of 2,000. 
What power gain does the ampli - 


fier have? 


signal input pins. 
By default, Circuit 
Wizard will draw 
an operationalam 
plifier with the 
non-inverting in 
put (labelled ‘+’) 
at the top and the 
non-inverting in - 
put (labelled ‘—’) 
at the bottom. This Fig.5.15. Mirroring an operational amplifier to obtain 
may or may not be the correct orientation of inverting and non-inverting 

the same as the _ inputs 


ee Pullonto Grid = Ctrl+-T 
| 40) Bring to Front Fé 
Ga Sendto Back  Shift-+Fé 


do Rotate Left Chrl+L 
hb, Rotate Right Ctrl+R 
ey 


5.6. Sketch the circuit ofaninvert = - 
ing amplifier based on an opera- 
tional amplifier. Label your circuit 
and identify the components that 
determine the voltage gain of the 


amplifier. 


Ty Group Ctrl+a 
Ty Ungroup Ctrl+U 


5.7. Aninvertingoperationalampli — - 
fier is to have a mid-band voltage 
gain of -15, an input resistance of 
5k? , and a frequency response ex - 
tending from 20Hzto 10kHz. Devise 
a circuit and specify all component 


values required. 


For more information, links and 
other resources please check out 
our Teach-In website at: 


www.tooley.co.uk/ 
teach-in 


Fig.5.16. A simple inverting amplifier circuit 
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we know that the basic principle of 
the operational amplifier is to amplify 
the difference in voltage between the 
two inputs. 

The amount of amplification pro- 
vided by the circuit shown in Fig. 5.16 
is determined by the gain, which will 
depend onthe arrangementand values 
of the resistors in the circuit. We learnt 
that we can calculate the gain of an 
inverting operational amplifier using 
the formula: 


Voltage gain = — 


Input Signal 
XFG1 
1V / 1Hz 


generator and adding some probes, as 
shown in Fig.5.17. The waveform dis - 
play in Fig.5.18 shows how the signal 

has been amplified. 


Comparator 


In our second circuit we'll inves - 
tigate an operational amplifier con- 
figured as a comparator. This circuit 
‘compares’ two input voltages and 
amplifies the resulting difference. 

Theinverting inputisa simple poten - 
tial divider that sets the voltage to half 
of the supply voltage, in this case 5V. 

The non-inverting input is connected 


Fig.5.17. Modified inverting operational amplifier circuit 


In our circuit, Re (R2)is2.5k ? and 
Rin (R1) is 500 ?. Use the formula 
above to prove that the gain of this 
circuit is —5. In simple terms, this 
means that we should expect our 
output voltage to be —5 times larger 
than the input voltage. Note the minus 
sign; the output will be inverted, as its 
name suggests. 

Now set the input voltage to 1Vand 
run the simulation. We would expect 
the output voltage to be —5 x 1V=—5V. 
Nowexperimentwithchangingthein — - 
put voltage and monitoring the output 
voltage. You should see that the gain 
holds true whatever the input voltage 
up until the output reaches the supply 
voltage. At this point, the outputvolt = - 
age will remain constant, even with 
increased input voltage. Whereas this 
might be fine for some circuits, when 
used in audio circuits this can cause 
clipping of the waveform, which can 
distort the sound. 

Modify your circuit by replacing the 
variable input voltage with a function 
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Fig.5.18. Waveform graph 
produced by the modi - 
fied inverting operational 
amplifier. The input signal 
is shown in blue and the 
output in red 


Voltage ['¥] 


Fig.5.19.Asimple circuit to demonstrate 


using an operational amplifier as a 


comparator 
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to a potentiometer; effectively a vari - 
able potential divider. This allows us to 
control the voltage to this input. 

In practical circuits this might be 
replaced with a potential divider in - 
volving a resistive input device, such 
as a light dependent resistor (LDR) or 
thermistor (we'll be looking ata circuit 
using anLDRnext).Some circuits even 
use two variable inputs to be com~ - 
pared — for example a line following 
robot might compare the inputs from 
two LDRs to determine its orientation 
on aline. 

Enter the comparator circuit shown 
in Fig.5.19 and experiment with the 
circuit by changing the potentiometer 
and observing the input/output volt = - 
ages. Try switching to ‘current flow’ 
or ‘voltage level’ views to analyse the 
operation of the circuit. By changing 
the potentiometer you are changing the 
voltage at the non-inverting input. The 
inverting input is held at a constant 
voltage of about 5V. 

When the non-inverting inputvolt — - 
age is higher than the inverting input, 
this difference is amplified by the 
operational amplifier. With no feed- 
back resistors the gain is very large, 
and therefore the output swings to the 
maximum voltage possible; the supply 
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voltage. Current flows from the opera- 
tional amplifier through the bi-colour 
LED (D1) to ground (OV), lighting it red 
to demonstrate a positive output. Con- 
versely, when the non-inverting input 
is less than that of the inverting input, 
the amplifier amplifies the negative 
input by a large amount, resulting in 
an output at the negative supply and 
hence lighting the green LED. 

Notice that despite what you may 
have thought, it is practically impos- 
sible to get an exact OV output. This 
would, theoretically, be possible if 
we can ensure that both inputs were 
exactly the same. However, in practice, 
it is not possible to be this accurate, 
and the large gain and tiny variation 
results in a full swing either to fully 
positive or negative. 


Auto Light Switch 


In our final circuit, we’ll see a prac- 
tical application of the comparator 
circuit we played with above. In this 
circuit, we’ll use an LDR to monitor 
the light level and automatically turn 
on a lamp (LA1), for example for an 


The Circuit Wizard way 


V1 
240V / 50Hz 


Fig.5.20. An automatic light switch using a comparator circuit 


automatic light circuit. Enter and 
simulate the circuit shown in Fig.5.20 
and observe its operation. By adjusting 
the potentiometer we can set the point 
at which the lamp turns on. In practice, 
this would be how dark it is when you 
would like the light to turn on. 

You may be wondering why using 
an op amp for this purpose is better 
than using a simple transistor switch 


circuit. By using an operational ampli- 
fier, as soon as we hit the preset voltage 
(the non-inverting input voltage) the 
operational amplifier will greatly am- 
plify the input and immediately give 
us the full supply voltage. However, 
using only a transistor switch you tend 
not to get a precise on/off because 
often there is a period where the 
transistor is not completely saturated. 


ee Investigate es 


An oscillator circuit is simply a 
circuit that provides an output signal 
without needing any input (apart from 
a power supply — of course!). Fig.5.21 
shows the circuit of a simple oscillator 
circuit based on a single operational 
amplifier. Enter the circuit in Circuit 
Wizard, investigate the output that 
it produces and then see if you can 
explain how the circuit works. 

Hint: You might need to recall ear- 
lier work that you did on C-R charging 
and discharging circuits and combine 
this with what you now know about 
operational amplifier comparators. 

You will find that Circuit Wizard 
will do a great job of simulating the 
oscillator circuit. However, because 
there’s a lot going on ina short amount 
of time, it can’t do it in real time. If you 
try at full speed you'll most likely get 
very confusing results. To ‘slow things 
down’ you can reduce the speed of 
simulation by clicking on ‘Time:’ on 
the grey bar at the bottom of the Circuit 
Wizard window; 10ms should work 
nicely with most computers. 
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Fig.5.21. An operational amplifier being used in 


an oscillator circuit 


Fig.5.22(right). Changing simulation 


speed in Circuit Wizard 


6 Output 
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If your computer is a bit on the slow 
side, opt for less until you get a nice 
looking trace (see Fig.5.22). You will 
also need to adjust the scale on your 
graph; Fig.5.23 shows some suggested 
values that will give you a graph like 
that shown in Fig.5.24. The rest is for 
you to investigate... so how does it do 
it? The blue trace/probe in Fig. 5.24 
should give you some clues! 


Answers to Questions 


baloee Bieta re 


D2 oes hig ora 


Da, ee Page oll 


9.4. 200 


5.9. 100,000 


5.6. See Fig.5.7(a) 


5.7. see Fig.5.8 with R1 = 5kQ, 
R2 = 75kQ, C1 = 1.59nF, 
C2 = 212pF 


Before we could use transistors 
in electronic circuits, we had to use 
valves. These looked a bit like light 
bulbs. They needed lots of space, lots 
of power and often produced a lot of 
heat (they had to be heated up inter- 
nally before they could work). This 
made designing simple circuits quite 
complicated — not only did we need a 
low-voltage high-current heater sup- 
ply, but we also needed a high voltage 
supply of around 200V or more. 

When transistors came along, they 
revolutionised electronics, making 
it possible to have small, complex 
circuits that operated from low volt- 
age. Today, we can make transistors so 
tiny that we can fit literally millions 
of them on an area the size of your 
small finger. 

The current generation of microproc- 
essors are manufactured using a process 
that’s capable of producing individual 
transistors 1,000 times smaller than the 
diameter of a human hair. That means 

that the in- 


Fig.5.25. Valves from the 1940s and 1950scom- dividual 
pared with transistors from the 1960s and1970s_ semicon- 


ductor lay- 
ers might only 
have a few tens 
or hundreds 
of atoms. In 
fact, the lat- 
est technol- 
ogy is capable 
of producing 
transistors that 
are less than 
25nm across — 
that’s a mere 
0.000025mm! 
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Circuit Wizard 


A Standard or Professional version 
of Circuit Wizard can be purchased 
from the editorial office of EPE — see 
CD-ROMs for Electronics page and 
the UK shop on our website (www. 
epemag.com). 

Further information can be found 
on the New Wave Concepts website; 
www.new-wave-concepts.com. The 
developer also offers an evaluation copy 
of the software that will operate for 30 
days, although it does have some limita- 
tions applied, such as only being able 
to simulate the included sample circuits 
and no ability to save your creations. 


Next month! 


In next month’s Teach-In we will be 
investigating logic circuits. 


Fig.5.26. This 1970s semiconductor 
memory device contains the equivalent 
of more than 65,000 individual transis- 
tors. The latest chips have more than 
100 million devices in the same space! 
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Properties of comparators 


L* month, we considered the problem 
of what to do with unused op amps after 
a post from Dave Larner on the EPE Chat 
Zone. 


If there is an unused op amp in a design, 
say using three of the four op amps on a 
chip, is it best to leave them floating or tie 
them to the ground or positive rails? 


Another issue which often arises with 
unused op amps in multi-amplifier packages 
is whether or not they should be used as 
comparators. Certainly, op amps can act 
as comparators, and doing so will keep 
the chip-count down, but are there pitfalls 
which need to be considered? 

A related, but less common issue is 
whether a comparator could be used as an op 
amp. This was mentioned recently in a Chat 
Zone longer discussion started by terrym on 
the design of an infra-red, reflective object 
detector. Here alec_t posted: 


Not sure if the PIC’s comparator would 
be happy working in a linear mode as an op 
amp. Does anyone know if it’s really just an 
op-amp? Or does it have a Schmitt-trigger 
type snap action? 


This month we will look at some of the 
properties of comparators, discuss how 
they differ from op amps, and see what 
that implies about using spare op amps as 
comparators. We will also look briefly at the 
use of PIC comparators as op amps. 


In comparison 


A comparator is a circuit which compares 
one analogue signal with another and 
outputs a binary signal based on the result 
of the comparison. In effect, it is a one-bit 
analogue-to-digital converter. An op amp 
used without negative feedback (open loop) 
has very high gain, thus for all but a small 
range of input voltage differences the output 
will be at the lowest or highest voltage 
available, typically close to the supply rails. 
These two saturated output voltages may 
represent Boolean 0 and 1. 

An op amp used in this way behaves as 
a comparator. However its performance 
may differ from that of a circuit specifically 
designed to act as a comparator. To compare 
the two we need to define comparator 
characteristics and see how these relate to 
op amps. 

The circuit symbol for a comparator 
is shown in Fig.l. A comparator’s output 
voltage may be written mathematically as: 


Vo, hv, >v, = logicl 


out : : 
Vo, if v,<v, => logic 0 
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Where v, and v, are the input voltages, 
as shown in Fig.1 and V,,,, is the logic 1, or 
high, output voltage, and V_,,, is the logic 0, 
or low, output voltage. 

The above equation implies infinite 
gain and zero offset, V,.. This means that 
an infinitely small voltage change around 
the reference voltage, Vix will cause the 
output to switch (infinite gain), and that this 
switching will occur exactly at the applied 
reference voltage (zero offset). 


Transfer characteristics 


Fig.2 shows the effect of finite gain 
and offset on a comparator’s transfer 
characteristic (relationship between 
input voltage difference and output 
voltage). The effect of the offset and 
finite gain is to reduce the resolution of 
the comparator, so that the difference 
between the inputs must be larger than 
a certain minimum to give reliable 
detection. Fig.2 represents the situation 
for static inputs, where the resolution 
is approximately V,. + V,, = Vos + Voz/ 
gain, but typically the resolution will get 
worse for changing input signals. 

In many applications, comparators are 
used to compare an input signal with a 
reference voltage generated within the 
circuit. In such cases, we can configure 
either inverting or non-inverting operation 


IDEAL COMPARATOR 


@ZERO OFFSET 
@ INFINITE GAIN 


REAL COMPARATOR 


e NON-ZERO OFFSET 
e@NON-INFINITE GAIN 


Fig.2. Comparator transfer characteristics 


INVERTING COMPARATOR 


NON-INVERTING COMPARATOR 


Fig.3. Inverting and non-inverting com- 
parator configurations 


depending on which of the comparator’s 
inputs is connected to the reference and 
the input (see Fig.3). A non-inverting 
comparator has a high output (logic 1) when 
the input is greater than the reference. For 
an inverting comparator, a high output when 
the input is below the reference. 

Op amps are designed to be used with 
negative feedback (eg, provided by the 
resistors used to set the circuit gain). All 
amplifiers have some delay from input to 
output, which results in increasing phase 
shift as signal frequency increases. At 
some point the phase shift reaches 180°, 
equivalent to inverting the signal, at which 
point the negative 
feedback network is 
actually delivering 
positive feedback. 

If the gain of 
the amplifier and 
feedback network 
together is greater 
than one at this 
frequency oscillation 
will occur. The gain 
of most op amps is 
deliberately — rolled 
off as frequency 
increases to prevent 
this instability — this is 
called compensation. 
Comparators are used 
open-loop or with 
positive feedback, so 
compensation is not 
required, leading to 
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significant differences between the two types 
of device. 

Op amps are _ high-gain, _ linear, 
differential amplifiers; so in normal 
operation the voltage difference between 
an op amp’s inputs is very small (typically 
microvolts to millivolts). Comparators 
often have much larger input differences. 
Not all op amps can tolerate large input 
voltage differences, and they perform very 
poorly, or may even by damaged under 
such conditions. Op amp input impedance 
may drop significantly for large input 
differences due to conduction of protection 
diodes — this could upset circuitry driving 
an op amp used as a comparator. 

Similarly, comparators are commonly 
used to compare voltages which are not 
close to half the supply range. For an op 
amp this is a large common-mode input 
voltage. Again, not all op amps perform 
well under such conditions. 


Propagation delay 


Gain and offset are characteristics shared 
by op amps and comparators. However, 
the switching behaviour of comparators 
means that they have characteristics related 
to switching which are not relevant to the 
standard analogue amplifier usage of op amps. 
The switching characteristics are illustrated 
in Fig.4, which shows comparator input 
and output waveforms for a non-inverting 
configuration with a fixed reference voltage. 

When the comparator input voltage 
crosses the reference voltage, the 
comparator output will switch. This will not 
happen instantaneously — the time taken for 
the comparator output to reach 50% of the 
resulting voltage change is the propagation 
delay. The time taken for the comparator 
output voltage to rise from 10% to 90% of 
its range is the rise time. The amount of 
voltage applied to the comparator’s input 
beyond the switching threshold (reference 
voltage) is known as overdrive. 

Propagation delay and rise time are usu- 
ally sensitive to overdrive, with increasing 
overdrive resulting in faster switching times. 
Comparator speed is also usually dependent 
on supply voltage. 

The maximum rate of change of output 
voltage an op amp or comparator can deliver 
is the slew rate. Slew rate is important for 
op amps because it indicates how well 
the output voltage tracks fast-changing 
analogue waveforms; failure to track well 
causes distortion. Slew rate also directly 
determines the maximum frequency at 
which an op amp can produce a pure 
sinewave at full output swing (the full power 


OVERDRIVE 


OUTPUT 


Fig.5. Response of regenerative comparator 


bandwidth). However, sinewave output is of 
no relevance to comparators. 

For any circuit used as a comparator, 
either the slew rate or the bandwidth may 
be the dominant factor in determining the 
propagation delay. Because comparators 
are just required to switch their outputs 
quickly, the slew rate itself is not usually 
very important as a specification, it is the 
propagation delay and rise time which are 
quoted. The compensation applied to op amps 
tends to reduce their slew rate, making them 
relatively slow when used as comparators. 

A comparator’s output will typically 
switch between the positive and negative 
supply voltages (or ground and supply 
in single-supply circuits). However, the 
output may switch, or it may be possible 
to arrange for it to switch, to a different 
voltage from the main comparator supply 
to facilitate interfacing to logic circuits. 
Often comparator output circuits are 
designed to be easy to interface with 
specific types of logic. Comparators are, 
therefore, available with a variety of output 
configurations, including push-pull, open 
drain or collector and LVDS (low voltage 
differential signalling). Open drain and 


open collector require an external resistor 
connected from the output to the positive 
(digital) supply. 

Op amps are designed for usage where 
the output voltage does not hit the supply 
rails — this would normally imply clipping 
of the waveform and hence distortion. 
When op amp outputs are driven hard into 
saturation, they tend to be slow to recover. 
Like compensation, this makes op amps 
poor comparators where fast switching 
is required. The internal circuitry of 
comparators is designed to prevent the 
output stages going far into saturation, 
allowing them to recover very quickly. 
A further subtlety to this is that op amp 
saturation recovery time is likely to vary 
between individual devices, making the 
propagation delay somewhat unpredictable. 

As we discussed last month, in the 
context of unused devices, op amps in 
multi-device packages (which is where we 
typically may want to use an op amp as a 
comparator) may be adversely influenced 
by other devices in the package being 
driven hard into saturation. 


Hysteresis 


A comparator used with a single threshold 
(reference) value may _ switch _ states 
many times as a noisy, slowly changing 
input crosses the threshold. This is often 
undesirable, for example if the number of 
threshold-crossings is to be counted. The 
problem may be overcome by using two 
thresholds, eg V_,, and V,,. The difference 


between V_,, and V,, is called the hysteresis. 


A comparator with hysteresis can be made 
using a single simple comparator by setting 
the threshold depending on the current 
comparator output state. The comparator 
has two output states, so there are two 
thresholds as required. This arrangement 
uses positive feedback. Comparators with 
hysteresis are also known as regenerative 
comparators and Schmitt triggers. 

The input-output response of a comparator 
with hysteresis is shown in Fig.5. When the 
input increases past V_, the comparator 
switches, but it does not switch back if the 
input decreases past V,,. The input must 
decrease past V,, before the comparator 
switches again. 

If the input noise level is known, the 
hysteresis can be set slightly larger than 
this. The comparator will then not switch 
as a result of the noise. Fig.6 and Fig.7 
show the result of applying the same noisy 
signal to a simple comparator and one with 
hysteresis. 


Fig.6. Response of comparator without hysteresis 


Everyday Practical Electronics, March 2011 


Fig.7. Response of comparator with hysteresis 
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Fig.8. Using positive feedback to apply 
hysteresis to a comparator 


A comparator with hysteresis can be 
made using a simple comparator with 
positive feedback. As the thresholds depend 
on the comparator’s output voltages, these 
should be accurately controlled. 

Refer to Fig.8. The switching point a 
depends on Ve and V Ve will usually be 
fixed, but V_ depends on the current state 
of the comparator. V_, can take one of two 


values, which we will assume to be +V,. 
Initially, let us assume that V, < vs soV = 


+V,.,. If V, is slowly increased this condition 
remains until V, = a where: 


R, R, 
V, = were a + —— Vo 
R, +R, R, +R, 


On switching at ae the output 
changes to V_,=-V_, changing the switching 
point to a new value, a =V, 


R R 
Ve =——— ef > 
R, +R, R, +R, 


V_, will now stay at —V, until the input 
falls below V__, again. The difference in the 
switching points, ie, the hysteresis, V,,, is 


2R 
Vn Va Va = RR VO 
1 Z 


Summing up 

In summary, op amps can be used as 
comparators, but not without difficulties, 
and only in slow-speed applications. If 
comparisons faster than around lus are 
required then it is probably necessary to 
use a dedicated comparator. Op amps may 
not perform well with large differential or 
common mode inputs, but such conditions 
are common in comparator applications — so 
the op amp’s datasheet should be consulted 
on relevant capabilities. Interfacing an op amp 


Fig.9 Microchip circuit for using a PIC 
comparator as an op amp 


output to logic may also be less straightforward 
than with a comparator specifically designed 
to drive logic inputs. 

There are ICs which contain both 
comparators and op amps in a package, such 
as the TLV2704 and LTC1541. These might 
we worth considering rather than trying to 
use a Spare device on a multi-op amp chip. 

Use of comparators as op amps is often not 
possible and generally not easy. Comparators 
do not have the compensation circuitry which 
ensures that op amps are stable in negative 
feedback circuits, so this must be added 
to use a comparator as an op amp. If the 
comparator has specialised output circuitry 
for logic interfacing it is less likely to be 
usable as an amplifier. Also, if a comparator 
has some built-in hysteresis it is unlikely to 
be usable. 

Finally, this brings us to alex_t’s 
comment about comparators on PICs. 
Microchip indeed do provide details of 
how to use these comparators as op amps 
in their Compiled Tips ‘N Tricks Guide 
(document code DSO1146) available from 
http://ww1.microchip.com/downloads/ 
en/DeviceDoc/01146B.pdf. 

Microchip may have specifically designed 
their PIC comparators to be usable as a low 
speed op amp to increase the flexibility of this 
on-chip resource. However we have not read 
any documentation specifically stating this. 

Fig.9 shows the non-inverting amplifier 
circuit recommended by Microchip — 
refer to the Tips ‘N Tricks document for 
full details and calculation of component 
values. Note that capacitors are required 
to ensure stability. We assume that 
the comparator does not have built-in 
hysteresis, as this would inhibit its use 
as an op amp. Microchip describe how 
to add hysteresis using external resistors 
elsewhere in the same document. 
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MIAC 


Now you are in control 


The MIAC rugged PlCmicro 
microcontroller is an industrial grade 
controller which can be used to 
control a wide range of different 
electronic systems: for mains 
switching, motor control, sensor 
monitoring and much more. 


>» Rugged PIC 18F4455 

» Programmable from USB - 
download software provided 

» Compatible with third party 
PlCmicro, BASIC and C compilers 

> Includes free Flowcode 3 graphical 
programming software (no 
upgrade rights) 

> 8 digital or analogue inputs 

>» 4 relay outputs - 8A 

>» 4 motor outputs with speed 
control - 12V, 500mA 

» 4 line 16 character display 

> Control keypad 

» Fully networkable via built in 


CAN bus 
_)» Lab View and Visual Basic 


compatible - DLL supplied 


> In-Circuit Debug over USB with — : 


(Mad 1 rH1X 
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have reached the mid-point 
in our series of articles based 
around the Propeller processor. 


This month, we will complete the software 
that will reside on the processor, and move 
onto the design of the main PIC circuit. 
Remember that our aim is to develop a 
low cost, low power Internet computer; the 
Propeller design is just a part of the whole 
design. 

If all goes well, this will be the last month 
we need to look at the Propeller processor 
in detail, although we may come back and 
tweak it a little. 


Developing the interface protocol 


Let’s now flesh out the way the two processors 
— the main control PIC microcontroller and the 
Propeller “Media Processor’ — talk to each other. 
In engineering terms, this is referred to as the 
‘protocol’ by which they will communicate. The 
physical ‘layer’ of our design is implemented 
by a UART connection running at 11520 baud; 
the protocol is implemented by specifying how 
certain UART characters will be interpreted by 
the Media Processor to perform special actions. 

What actions are performed is completely 
up to us, and will be determined by what 
special functions we would like the Media 
Processor to do. Obviously, displaying 
characters is important, but we also 
want to be able to change colours and 
move the print position around the 
display, among other things. 

To start off, let’s review the 
capabilities of the video output 
library provided by Parallax. It 
supports the following features: 


e@ 128 x 64 characters, on a display 
resolution of 1024 x 768 pixels 

e Characters are 8 pixels wide by 
12 pixels high 

e A font for 128 different characters 
1s provided, including special ‘graphics’ 
characters for drawing boxes and lines 

e Each display row can have its 
own foreground/background colour 
combination 

e Individual characters may be inv- 
erted (by setting the most significant 
bit of the character code). 


Besides the lack of full bit-mapped 
graphics capability, the main limitation 
is the lack of control over colour; we 
can only alter the colour of whole 
lines of text. This is just something 
that we have to bear in mind when 
we design the user-interface part of 
the main PIC application. Full colour 
control and _ bit-mapped = graphics 
would be nice, but will have to wait 


62 


for a later upgrade when the new Propeller-2 
processor comes out in 2012 (the Propeller-2 
is rumored to support high definition video 
output — that should be some upgrade!) 

As the video library only supports 128 
characters, we will use character values 
between 128 and 255 as special control 
characters, each one indicating a particular 
command. 128 commands is far more than 
we need, but it’s nice to have the expansion 
capability. Each command can have one or 
more following characters as ‘parameters’, 
for example when setting the print position 
to an x,y location on the screen. 

We will start off with a limited set of 
commands that we can build on later as we 
need them. This (initial) list of commands is 
shown in Table 1. 

Also shown are the ‘messages’ sent back 
from the Propeller processor to the PIC. 
These are keyboard characters (individual 
characters in the range of O to 127) and 
mouse button actions, which are formatted 
as a command character 254 followed by 
the message identity and zero or more 
characters. To reduce the information sent 
to the PIC the current mouse position is 
only reported when a mouse button is 
pressed. 


Table. 1 Message protocol 


Code(s) 
Move | Move print position to the far left. —_| position to the far left. 


colour and move print poition to 0,0 
colour of current line 

136 INVERT CURRENT | Inverts the colour of the current 
character, and moves the cursor to the 
right 
displayed on screen 
not displayed on screen 


139 X Y | MOVE CURSORI Move the cursor to position X, Y 


140 CURSORI ON Display the flashing cursor at current 
position 


CURSOR OFF Turn the cursor off 
MOUSE ON Show the ‘Mouse’ cursor 
MOUSE OFF Hide the ‘Mouse’ cursor 


From the Propeller to the PIC 


254 B X Y | MOUSE BUTTON 
X, Y are position on screen. 


Note: all values are transmitted as binary characters, not in ASCII. 


A mouse button has been pressed. 
B = Button : 0 LEFT, 1 RIGHT 


fy Mike Hibbett |) 


[vr 


Obviously there is plenty of scope for this 
protocol to grow as we find new features 
that would be useful, but this is a good 
starting point. 

The final important design consideration 
is how the display screen will be laid out, ie 
what the coordinate system is. Although the 
Propeller’s display driver software has its own 
layout, there is nothing to stop us specifying 
our own, and then converting to the Propeller 
format. As it is, the Propeller implements a 
quite natural system — the top left corner of the 
screen is the origin (location 0,0) and the X 
coordinate increases as you move to the right, 
and the Y coordinate increases as you move 
down the screen. The X and Y coordinates 
refer to character positions, not pixel locations 
(as we cannot address individual pixels yet.) 

The full source code for the Propeller 
implementation can be found on the EPE 
website. This should be compiled and 
programmed into the Propeller processor. 


Control processor 


Now let’s take a look at the main PIC 
control circuit. The choice of processor is 
wide, and whatever chip we use really only 
needs to be fast (by PIC standards) and 
have plenty of flash memory to store all our 
utility programs. To enable us to program 
in ‘C’ we are looking at PICI8F, 
PIC24F, DsPIC or PIC32 processor 
families. 

We have chosen the PIC24HJ1- 
28GP202. The reasons are pretty 
simple: it’s available in a nice 28- 
pin DIP package, it has a lot of flash 
memory space and it’s a part we’ve 
used here before in PIC n’ Mix. As 
it operates at 3.3V, it’s I/O pins will 
be compatible with the Propeller 
processor, Micro SD-Media card and 
the Ethernet interface chip, which we 
will discuss later. 

One nice feature of the PIC24 
processor is that the internal 
peripherals, such as the UART 
interface, are not hard wired to 
particular pins. Sixteen of the twenty 
one I/O pins can be mapped to any of 
the 22 peripheral I/O functions. While 
this adds a small layer of complexity 
— at startup you have to select which 
pins go where — it can significantly 
reduce circuit board layout size. 
When you are trying to squeeze a 
design onto a small single or double- 
sided PCB, that can be a blessing. 

Our part has 128KB of flash 
memory available for application 
software, which will be very useful 
as we build multiple applications 
into our little device. 
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The final factor affecting our choice of part 
is the availability of Microchip’s free TCP/IP 
stack framework software, which as we will 
find out later, can be used almost ‘out of the 
box’ in our design. 


Control circuit 


Our initial circuit is shown in Fig.1. 
This circuit will grow over the coming 
months, and for now only two signals 
connect it to the Propeller circuit — port 
pins RB14 and RB15, which will connect 
the two UARTS together. Note that as 
both these circuits are running at 3.3V, 
and will be very close to each other 
(possibly on the same circuit board), 
there are no RS232 converter chips. This 
circuit can draw its power from the same 
regulator as used on the propeller, since 
there is plenty of spare current capacity 
on the LD1086 IC. 

A simple header lead could be used to 
connect the two circuits via the Propeller’s 
programming header, and 3.3V and ground 
are available there. Don’t be tempted to 
solder the two circuits together, because 
the Propeller’s programming interface may 
well be used again later, as we upgrade its 
capabilities. 

This circuit provides the minimum 
level of functionality to enable us to start 
working with the free PIC24 C compiler 
(called MPLAB C30) and test the 
Propeller’s display capabilities. We will 
go through the installation and initial use 
of C30 next month, but for those of you 
who are familiar with it and would like to 
see a demonstration of what our system 


| © Wevewes 


1000’s OF PRICES REDUCED! 


Alternatively phone us on 
020 8452 0161 with your 


PROGRAMMING 
HEADER 


FROM PROPELLER 
CIRCUIT 


Fig.1 PIC controller circuit diagram 


is capable of, a simple example PIC24 
application is available on the magazine 
website for download alongside the main 
firmware for the Propeller. 


Simulation 


Developing any form of user interface is 
often tricky, and making the most of a text- 
based user interface can be even harder. 
Sometimes using a PC to simulate a display, 


or even using a PC to drive the media 
processor can simplify the task. 

As the Propeller communicates with the 
PIC24 through a standard UART interface, 
you might want to experiment with driving 
the Propeller with a program on the PC — 
just make sure you use a MAX232 RS232 
logic converter chip on the signals coming 
from the PC, otherwise the Propeller will 
be damaged. 


Technobols 


Electronic & Mechanical Components 


supplier? 


Renee and engineering meena 


Opto E ya 


Passsives, 

Semiconductors 
Sensors 

connectors 


requirements. 
Cle: 


Pneumatics 


& O& 


Bearings from 1mm bore 


Projects & kits 


Battery Products 
Chargers & PSU's 
-. Controller Boards 
2. Including Arduino 
oy 4 ie 
Gears, Pulleys 
& Cams 


Breakout Boards 
from Sparkfun 


4%, ( = Chain & sprockets 


nese & 


Adaptors : 4 


re 


Switches & 
160+ dc model Relays 
motors +speed 


controllers 


Robotics & Wheels 


www.fechnobotsonline.com 


Everyday Practical Electronics, March 2011 


Shop callers welcome: Technobots Ltd, 60 Rumbridge Street, 
Totton, Hampshire SO40 9DS__ Tel: 023 8086 4891 
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E seem to live in a world where 
WW orscticaity every name or term 
seems to end up as either an acronym 
or an abbreviation. Everyday Practical 
Electronics is perhaps better known as 
EPE by its readers, and it might be just 
a matter of time before the company 
that publishes it joins the trend and 
has a change of name from Wimborne 
Publishing Limited to WPL. 

I am not suggesting that abbreviations 
and acronyms are unnecessary, although 
there are probably some examples that 
fall into this category. In general though, 
they make it easier to stay brief and to 
the point and are helpful. 


Mistaken identity 

There are potential problems with 
abbreviations, and perhaps more so with 
acronyms. The same ones can occur in 
more than one field of interest, which 
could lead to confusion. They have to be 
used where the context is clear, and the 
reader or listener understands whether 
(say) ESP means Spain, extrasensory 
perception, Email service provider, or 1s 
a company name. 

A website that specialises in acronyms 
actually has over 150 definitions for 
ESP! Ideally, the full name or term 
should be included the first time an 
acronym or abbreviation is used, so that 
there is no ambiguity about its meaning. 

The main problem is simply that 
acronyms and abbreviations will 
probably not mean a great deal to 
anyone who is new to a particular field 
of interest. I suppose the full versions 
of technical names and terms might not 
mean a great deal more to newcomers 
either. In this article we will consider 
some common abbreviations and 
acronyms used in electronics, their 
meaning, and practical significance. 


AC, DC and all that 


It is likely that most non-technical 
people are aware that AC and DC mean 
‘alternating current’ and ‘direct current’. 
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It is less well known that there are 
different types of alternating and direct 
current. 

The simplest type of direct current is 
a source, such as a battery, that provides 
a more or less constant voltage. The 
current that flows depends on _ the 
demands of the load connected across 
the battery, but the most important point 
in this context is that the polarity of the 
battery and the current flow remain 
the same. Some DC sources provide a 
pulsed or varying voltage and current, 
but these are not AC sources because 
the polarity of the signal remains 
unaltered. 

With an alternating current, the polarity 
of the source does change, and usually 
at regular intervals. One complete AC 
cycle consists of the current rising from 
zero with one polarity, falling back to 
Zero, ‘rising’ with the opposite polarity, 
and falling back to zero again. 

The number of complete cycles per 
second is the frequency of the signal. It 
is expressed in Hertz, and the standard 
abbreviation for Hertz is ‘Hz’. The 
mains supply in the UK 1s at a frequency 
of 50Hz, and therefore has 50 complete 
cycles per second (in the US, itis 60Hz). 


Table 1: Commom acronyms 
associated with radio 
frequency signals 


Acronym Meaning 


LF low frequency (from 
about 30kHz to a few 
MHz) 

VLE very low frequency 
(from about 3kHz to 
30kHz) 

HF high frequency (from a 

few MHz to 30MHz 

very high frequency 

(from 30MHz to 

300MHz) 

ultra high frequency 

(from 300MHz to 

about 3GHz) 


VHF 


UHF 


Practically Speaking 


Robert Penfold looks at the Techniques of Actually Doing it! 


Frequency acronyms 

There are several acronyms 
associated with AC signals, and these 
are used to describe approximate 
frequency ranges. The audio frequency 
(AF) range is generally accepted as 
covering about 20Hz to 20kHz, and 
someone with very good hearing can 
hear sound waves right to the top of 
this range. 

Sound waves at higher frequencies 
are in the ultrasonic range, and 
are beyond the limits of human 
hearing, although some animals can 
perceive sounds well beyond the 
20kHz upper human limit. Sounds 
at lower frequencies are in the infra- 
audio range, and can be detected 
as vibration rather that what could 
strictly be termed sounds. 

Electronic signals at high freq- 
uencies are in the radio frequency (RF) 
range, but this is a very general term 
that covers everything from frequencies 
just beyond the audio range to those of 
many GHz (gigahertz). Consequently, 
there are other terms, and _ their 
acronyms are used to describe certain 
bands of frequencies within the radio 
range. The listing in Table 1 covers 
the common acronyms associated with 
radio frequency signals. 

The practical importance of all this 
is that some types of components 
are designed to operate with one 
particular type of signal, and will 
not operate well if you try to use a 
different one. For example, transistors 
are usually designed for high or low 
frequency use. Transistors that are 
designed for audio and other low 
frequency applications are often 
capable of operating at frequencies 
up to the lower end of the UHF range, 
but they would be unlikely to provide 
really good performance at anything 
much beyond the audio spectrum. 

Some low-tech components are 
designed specifically for DC use, or 
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over a particular range of frequencies. 
Cables and sockets for example, 
are mostly designed for a particular 
application. Connectors intended for 
operation at DC or in audio applications 
would be unlikely to operate well in 
RF applications. Connectors for use at 
high frequencies might actually work 
quite well at lower frequencies or even 
as DC power connectors, but it makes 
sense to use the right type of connector 
so that good performance and reliability 
is assured. 


associated with basic switches can be 
confusing initially. However, they are 
quite easy to understand. There are just 
four of them to contend with, and Table 
2 shows all four abbreviations and their 
meanings. 

A single-pole switch is a basic on/ 
off type, and a double-throw switch 
is one that provides what is more 
commonly termed a changeover action. 
A changeover switch has three tags, and 
the middle one connects to one or other 
of the other two tags, depending on the 


DPDT switch can be used to replace any 
of the other three types. For instance, if 
you ignore one set of three tags the other 
set will provide a SPDT switch. If you 
require (say) a SPDT slider switch, but can 
only find a DPDT type in the component 
catalogues, there should be no difficulty in 


using the DPDT component. 
| see 
There are plenty of acronyms 


associated with semiconductors, and in 
particular with ICs (integrated circuits). 


Fig.1. The plug on the left is a 75 ohm coax type intended for 
operation at VHF and UHF, and commonly used for television aerial 
leads. The phono socket on the right was designed for AF use, but 
is also used in RF applications such as carrying video signals 


It is worth noting that with VHF 
and UHF signals it is often necessary 
to use a particular type of connector 
and cable, and not just the first ones 
you find that are intended for use at 
the upper end of the RF range. Cables 
and connectors for operation in VHF 
and UHF applications are specified 
as having a certain impedance, which 
is usually 50 or 75 ohms, and it is 
essential to use the right type. 

The plug on the left in Fig.1 1s a75 ohm 
coaxial (‘coax’) type intended for use 
with UHF and VHF signals. The humble 
phono connector (Fig.1 right) is a simple 
type for use with audio equipment, but 
they are sometimes used in RF equipment. 
This is simply because they just happen 
to have the right characteristics for use 
at higher frequencies as well. I am not 
aware of any other type of connector that 
has this dual role. 


Poles apart 

There are some common acronyms 
associated with switches, particularly 
the more simple types. They are often 
described as something like ‘SPST’ 
in components lists and component 
catalogues, which does not mean a great 
deal to the uninitiated; the acronyms 


not required 


setting of the switch. A single pole switch 
has just one set of contacts, whereas 
a double-pole type has two sets and is 
effectively two switches merged into one, 
with the two sections operating in unison. 

The circuit symbols for all four types 
of switch are shown in Fig.2, and this 
also shows how the theoretical circuit 
symbols relate to most real-world 
switches. It has to be emphasised that 
the tag arrangements shown in Fig.2 are 
the most common ones, but there are 
some switches that use different layout. 

With any switch of a type that you 
have not used before, it is best to use a 
continuity tester to determine which tag is, 
which rather than jumping to conclusions. 
It is also useful to bear in mind that a 


Table 2: Commom acronyms 
for basic switches 


Acronym Meaning 

SPST single-pole, single- 
throw 

SPDT single-pole, double- 
throw 

DPST double-pole, single- 
throw 

DPDT double-pole, double- 
throw 
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Fig.2. The four basic types of switch. A DPDT (double- 
pole, double-throw) type can be used instead of any of the 
others, and it is just a matter of ignoring the parts that are 


Strictly speaking, an integrated circuit 1s 
any semiconductor that has more than 
one component formed on the same 
chip. Some transistors have diodes and 
(or) resistors on the same chip to provide 
a degree of protection against static 
charges, but these are generally accepted 
as transistors rather than ICs, and are 
listed as such in component catalogues. 

There seems to be an ever-growing 
range of acronyms associated with logic 
ICs. These are divided into two main 
families, which are the TTL and CMOS 
varieties. TTL stands for transistor- 
transistor logic, and it refers to the type 
of internal circuit fabrication technology 
used with these components. They 
mostly have type numbers starting °74’ 
and are sometimes referred to as ‘74 
series’ chips, although some of the later 
devices have type numbers with ‘75’ as 
the first two digits. 

In the early days of logic ICs there 
were several rival technologies such as 
RTL (resistor-transistor logic) and DTL 
(diode-transistor logic), but most of 
these became obsolete many years ago. 
However, there are still some high speed 
ECL (emitter-coupled logic) devices 
in current use. The original TTL logic 
family soon spawned several improved 
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versions, but most of these, like the 
original TTL family, are now obsolete. 
The LS (low-power Schottky) family 
was the most successful, and these 
devices are still in use today. 

The Schottky part of the name refers 
to a special type of diode used in this 
family of devices, which enables them 
to achieve fast operation at relatively 
low levels of current consumption. They 
have type numbers that start “74LS’. 

The original CMOS (complementary 
metal oxide semiconductor) logic family 
is slow by modern standards, but was 
very popular in the past due to the low 
power consumption of these devices 
when operating at low frequencies. In 
fact, they consume no significant current 
at all when in a static state. They are still 
in use today, and have serial numbers 
starting at 4000. 

Faster CMOS logic devices are 
now available, but perhaps a trifle 
confusingly, these have 74 series type 
numbers. For example, the 74HC4066 
is the high-speed equivalent of the 
standard 4066 chip. The “HC’ in the type 
number indicates that it is a high-speed 
CMOS type. 

There are also high-speed CMOS 
equivalents of some 74 series chips, 
and the 74HC0O8 for instance, is the 
high-speed CMOS version of the 
standard 7408 TTL chip. A letter “T’ 
included in the type number, such as 
T4HCTO8, indicates that the device is a 
high-speed CMOS type, but it operates 
at TTL rather than CMOS supply and 
signal voltages. 

Compatibility between the various 
logic families is not very good. Apart 
from other considerations, it has to 
be borne in mind that there are some 
substantial differences in the supply 
voltage ranges of the various types. 
Substituting an equivalent device from 
another logic family is not advisable 
unless you have the necessary technical 
expertise. A mistake could result in 
damage to the substitute device and 
other components in the circuit. 


Semiconductor line-up 

Some of the acronyms associated 
with integrated circuits refer to their 
physical characteristics. Historically, 
the vast majority of integrated circuits 
used to have some form of DIL (dual 
in-line) encapsulation, and many still 
do so. They would normally have from 
4 to 40 pins, in two rows that are 0.3 
inches (7.62mm) apart on types having 
up to about 20 pins, and 0.6 inches 
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(12.24mm) on the larger devices. The 
spacing between one pin and the next in 
each row is always 0.1 inches (2.54mm). 

Some higher power semiconductors 
have a SIL (single in-line) encapsulation, 
which has only one row of pins. 
There was also a QIL (quad in-line) 
encapsulation having four rows of pins, 
but this was really just an ordinary DIL 
type with the pins shaped to create four 
rows. This type of encapsulation is now 
long obsolete. 

These days encapsulation matters 
are complicated by the increasing use 
of surface mount (SM) components, 
including surface mount integrated 
circuits. Traditional components are 
mounted on the plain side of the board, 
with their pins or leads going through 
holes in the board so that they can be 
soldered to copper pads on the underside 
of the board. 

However, with a surface-mount board 
there are no holes and the components 
are fitted on the , - 


copper side (see 
Fig.3). There are 
obvious physical 


differences between 
the two types, and 
the most obvious 
of these is_ that 
the surface-mount 
types are tiny in 


comparison to 
their conventional 
counterparts. 


On the surface 


Surface-mount 
components have their own set of 
terms and acronyms. SMD (surface- 
mount device) is used to describe any 
component that is intended for surface 
mounting, including simple passive 
components such as resistors and largely 
mechanical components such as sockets. 
The encapsulations for integrated circuits 
have names such as SOIC (small-outline 
integrated circuit) and SSOP (shrink 
small-outline package). 

Many components are now available in 
conventional and surface- mount versions, 
and in the case of integrated circuits 
they might also be available in more 
than one surface-mount encapsulation. 
When ordering components it is 
important to take due care in order to 
avoid accidentally ordering parts that are 
physically incompatible with the circuit 
board you will be using. 

In the case of semiconductors, the 
type number usually has a suffix that 


indicates its case style. With the 741 
operational amplifier for example, the 
suffix would usually be ‘C’ for the 
8-pin DIL version in a plastic case, and 
‘W’ for the ceramic Flatpack surface- 
mount version. 

Unfortunately, the various semi- 
conductor manufacturers do not all 
use exactly the same suffix for each 
case style. An 8-pin DIL component 
could have a ‘C’ suffix with one 
manufacturer, but an ‘N’ or ‘CN’ 
suffix from another. Any letters ahead 
of the basic part number usually 
indicate the manufacturer, such as 
LM for Nation Semiconductor and 
MC for Motorola. 

This can be a bit confusing even for 
those used to dealing with semiconductor 
part numbers. However, component 
catalogues usually include basic details 
of each device, including the case style, 
so with due care it is possible to avoid 
snares errors. 
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Fig.3. SMT (surface-mount saosin has the components 
mounted on the copper side of the board. Unlike their conventional 
counterparts, surface-mount ICs often have pins on all four sides 


Static-sensitive devices 

There are acronyms associated with 
a special type of transistor called a 
FET (field-effect transistor). A ‘JFET’ 
or ‘JUGFET” is a junction gate FET, 
and a MOSFET is a FET based on 
MOS (metal oxide semiconductor) 
technology. An important point to 
bear in mind is that any component 
that is based on MOS technology, 
including CMOS components, is 
very vulnerable to damage from 
static charges in the environment, 
and standard anti-static handling 
precautions should be observed when 
dealing with them. 

These days, the majority of 
integrated circuits seem to be based 
on some form of MOS technology, 
so it is probably best to take a 
cautious approach and use anti-static 
precautions when dealing with any 
integrated circuit. 
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Flowcode 4 is one of the World’s most advanced graphical 
programming languages for microcontrollers. The great advantage 
of Flowcode is that it allows those with little experience to create 
complex electronic systems in minutes. 


Flowcode’s graphical development interface allows engineers to 
construct a complete electronic system on-screen, develop a 
program based on standard flow charts, simulate the system 
and then produce hex code for PICmicro® microcontrollers, 
AVR microcontrollers, ARM microcontrollers, dsPIC and PIC24 
microcontrollers. 
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Prices for each of the CD-ROMs above are: (Order form on third page) 


(UK and EU customers Hobbyist/Student............. 
add VAT to ‘plus VAT” Professional (Schools/HE/FE/Industry) 


prices) Professional and Flowkit bundle 
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£45.95 
£149 
£175 


inc VAT 
plus VAT 
plus VAT 
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FlowKit 


The FlowKit can be connected 
to hardware systems to provide 
a real time debug facility where 
it is possible to step through the 
Flowcode program on the PC 
and step through the program in 
the hardware at the same time. 
The FlowKit can be connected 
to your own hardware to 
provide In-Circuit Debug to 
your finished designs. 
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PiCmicro TUTORIALS AND PROGRAMMING 


HARDWARE 


VERSION 3 PiCmicro MCU 
development board 


Suitable for use with the three software packages 
listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 
Development Board. 


e 
e 
os 
*«. 
- 
- 
_ 
- 
- 
+ 
f» 


~ 
~ 
- 
- 
a 
- 
= 
al 
- 
S 
.- 
tel 
s 
cal 


pe 


/ = 


bh 


mee 


e Makes it easier to develop PlCmicro projects 
e@ Supports low cost Flash-programmable PlCmicro devices 
e Fully featured integrated displays — 16 individual LEDs, quad 
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7-segment display and alphanumeric LCD display 


e Supports PlICmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V3 


(Formerly PiCtutor) 

Assembly for PliCmicro microcontrollers V3.0 
(previously known as PlCtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Viab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PlCmicro showing architecture and functions @ 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
e ca MPASM files. 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 
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£161 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PlCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PilCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 
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Minimum system requirements for these 


items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 
hard disk space. 
Flowcode will run on XP or later 
operating systems 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
V4 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes. 

@ Requires no programming experience 

@ Allows complex PliCmicro applications to be 

designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 

speeds up the development process. 

@ Facilitates learning via a_ full suite of 

demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 

40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

@ |[2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices) 


-~H@8G80G06F tek 6 of 
Poa r DOW (Behe ses EE 


HObDDYVISUStUGENEs sco oe nr ee ene ee eee £45.95 inc VAT 
Professional (Schools/HE/FE/Industry)............ £149 plus VAT 
Professional 10 user (Network Licence) ........... £350 plus VAT 
SITEIEICENCE Soe erase eno ee acres teres £699 plus VAT 
Flowcode Professional (Schools/HE/FE/Industry) ...£149 plus VAT 
Flowcode 10 user (Network Licence).............. £399 plus VAT 
Flowcode Site Licence ..........00eeeee eee n eee £799 plus VAT 
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EPE PIC 


CIRCUIT WIZARD _ RESOURCES v2 


Version 2 includes 


the EPE PIC 

Circuit Wizard is a revolutionary new software system that suaniekenee of 

combines circuit design, PCB design, simulation and CAD/ (EPE April, May, 
CAM manufacture in one complete package. June 2003) 


The CD-ROM con- 
tains the following 
Tutorial-related 
software and texts: 


@ EPE PIC Tutorial V2 complete series of 
articles plus demonstration software, 


Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 


produce an electronics project from start to finish — even including on-screen testing of the PCB prior John Becker, April, May, June ’03 
to construction! @ PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
* Circuit diagram design with component library (500 components Oct ’01 
Standard, 1500 components Professional) @ PIC Toolkit TK3 for Windows 
* Virtual instruments (4 Standard, 7 Professional) (software details), John Becker, 


Nov ’01 


Plus 18 useful texts to help YOU get 
the most out of your PIC programming. 


Price £14.75 inc. VAT 


* On-screen animation 

* Interactive circuit diagram simulation 
* True analogue/aigital simulation 

* Simulation of component destruction 
* PCB Layout 

* Interactive PCB layout simulation 

* Automatic PCB routing 

* Gerber export 

* Multi-level zoom (25% to 1000%) 

* Multiple undo and redo 

* Copy and paste to other software 

* Multiple document support 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images | 
of electronic 
components. 
This selection of 
high resolution 
photos can be f 
used to enhance 
projects and presentations or to help with 
training and educational material. They 


— . 7 . are royalty free for use in commercial or 
This is the software used in our Teach-In 20117 series. pefechiell HHRtCdnproiecioncndieanpalse 


Standard £61.25 inc. VAT be used royalty free in books, catalogues, 
Professional £91.90 inc. VAT magazine articles as well as worldwide 
web pages (subject to restrictions — see 
licence for full details). 

Now contains Irfan View image software 
Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk for Windows, with quick-start notes 

space. Windows 2000/ME/XP, mouse, sound card, web browser. included. 
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Price £19.95 inc. VAT 


Please send me: CD-ROM ORDER FORM msesro 


ORDERING 
ALL PRICES INCLUDE UK 


1 Assembly for PICmicro V3 Ui HobbyislStudent POSTAGE 

LI ‘C’ for 16 Series PiCmicro V4 C Professional 

L] Flowcode for PilCmicro L] Professional 10 user Student/Single User/Standard/Hobbyist 
LI Flowcode for AVR L] Professional + Flowkit Version price includes postage to most 
ee ee aay U Site licence countries in the world 


LI Flowcode for dsPIC & PIC24 


Note: The software on each version is the same, only the licence for use varies. 


EU residents outside the UK add £5 for airmail 
postage per order 


L] PlCmicro Development Board V3 (hardware) 


LJ) Circuit Wizard — Standard 

L] Circuit Wizard — Professional 

L] EPE PIC Resources V2 

L] Electronic Components Photos 


L] | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£......... 
L] Please charge my Visa/Mastercard/Maestro:£.......... 


Valid) FROM i sccc0is. we Card expiry date:............. 
CAG ING} 4 coves cecetesndscenuuuetaemeseeeaessee se Maestro Issue No. ......... 
Card Security Code.......... (The last 3 digits on or just under the signature strip) 
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Email: editorial@wimborne.co.uk 
Matt Pulzer addresses some of the 
general points readers have raised. 
Have you anything interesting to say? 
Drop us a line! 


All letters quoted here have previously been replied to directly 


jf LETTER OF THE MONTH 5 


The art of electronics 


Dear Editor 

Having just read Robert Penfold’s 
excellent Interface (Feb’11) article on 
simple computer interfacing techniques, a 
thought struck me; rather than use Visual 
Basic, with its apparent paucity of sound- 
generating commands, it might be better to 
use one of the popular emulators such as RT 
Russell’s excellent BBC Basic for Windows, 
in which a full range of sound commands are 
available. It would then be a simple matter 
of plugging in a tone decoder circuit into 
the headphone socket of the laptop or PC to 
provide as many control lines as are needed. 

I do, however, love the simplicity of using 
the optical method; indeed, I'll probably 


Shedding light on switching 


Dear Editor 

In response to the letter from Enrico Fig- 
urelli (Jan’11), I am able to confirm that fre- 
quent switching of any lamp will generally 
cause degradation to its life cycle. However, 
the major recognised brands have improved 
their retrofit compact fluorescent products 
over recent years to a point where switching 
makes little, if any difference. There is even a 
‘facilities’ version (for the facilities manage- 
ment market) available from one manufactur- 
er specifically for frequently switched applica- 
tions, which has a faster warm up time. 

Some of these better versions are more 
expensive but, as ever, it is always better to 
select the right component for the applica- 
tion. The retail packaged, and very cheap, 
lamps seen in supermarkets are generally 
well suited to domestic use, where the light 
is left on for a moderate to long period. 


Dave Geary, by email 


Many thanks for your input Dave. For 
those of you who are interested in fine control 
of lighting, don’t miss next month’s issue of 
EPE — one of our projects is the ultimate in 
dimmer projects! 


Batman needs help! 


Dear Editor 
Thank you for providing us with your 
magazine since 1972! I work at Hugh 
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use BBC Basic for Windows to control areas 
of the screen for the optical technique. It’s 
because of exciting and thought-provoking 
ideas such as these that I find your magazine 
so rewarding to read. 

As an artist who uses technology in sculpture 
and installations, one of the problems which I 
had to recently overcome was the opposite of 
last month’s article — how to start Windows 
applications such as audio-files and media 
player from an external trigger. I’m sure that 
a more technically minded person could have 
solved the problem easily, but after much head 
scratching I achieved this by a combination 
of a doctored mouse in which a small relay 
replaced the middle switch and the use of the 
freely available Auto Hotkeys software, which 
enables the simple development of macros 


that can achieve the sequence of events one 
wishes. Total cost was £3.50! 

Again, thank you for a great magazine, it 
has something for everyone, no matter one’s 
level of ability or interest. 


Jon Davey, by email 
Brea Village, Cornwall 


Congratulations on your ingenious 
approach to starting a Windows program! I’m 
sure our readers could come up with dozens 
of alternative solutions, but cheap and simple 
works for me every time. Your sculpture and 
installations certainly sound interesting. Do 
you have any YouTube clips demonstrating 
your unique use of electronics which you 
would like to share with us? 


Baird College in the UK, and we subscribe 
to your magazine (and have done for a very 
long time). Anyway, let’s get to the rub. I 
am behind in providing a working circuit 
for my class (17 to 19 year-old physics 
applied) — we have chosen to work on the 
Rev Thomas Scarborough’s Bat Detector 
(EPE March 2004). 

We bought all the components and 
made 25 PCBs. We (well the electronics 
technician) assembled one of them and 
tested it (using a 40kHz transmitter on 
a simple 555 timer circuit). When the 
detector was turned on, a piercing tone was 
generated. When the transmitter was turned 
on — the signal was cut out. We rotated the 
transmitter (about 10cm from the receiver 
transducer) and the tone came back when 
the transmitter was pointed at right angles. 
Are you aware of this? I managed to 
contact Thomas, a very helpful fella, and 
he told me that the circuit published was a 
concept and that your technical guys had 
carried out a modification. 

He also told me that he sent in a working 
model, which you published, but we can’t 
find it (possibly due to the fact that some 
idiot has thrown out a stack of our copies 
when we changed labs). Is there any way 
you could help? — we are a bit desperate. 


Michael Dowling, by email 


I’m very sorry to hear about your circuit 
problems Michael. I will hunt through my back 


issues and see if I can track down the piece 
you/Thomas referred to. In the meantime, if 
any readers have built this circuit and can 
help Michael and his students, then he can 
be contacted via the editorial office by email: 
enquiries @ epemag.wimborne.co.uk. 


PIC data to Excel 


Dear Editor 

In the December 2010 Readout section, 
the letter from Bob White asks about send- 
ing PIC data to MS Excel. 

Fortunately, the answer is quite easy ac- 
tually. Make sure the output from the PIC 
is in so called CSV format, and send it to a 
terminal program on the PC. 

After receiving all data, save it in a file 
using the .CSV extension, then open it using 
MS Excel. 

That’s all there is to it. 


Harm de Vries (The Netherlands), 
by email 


Thank you Harm, I hope that helps Bob and 
others with a similar PIC data-reading task 


GOT A QUESTION ABOUT EPEOR 
ELECTRONICS? 


PLEASE EMAIL US AT: 


editorial@wimborne.co.uk 
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SRAPHIC DISPLAY pico 


Technology 


AFFORDABLE 
EXPERTISE 


THE PC OSCILLOSCOPE RANGE FROM 
PICO TECHNOLOGY 


ee pais uae jad [sta] | 
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Add colour to your project! 


High quality serial displays pre-fitted with a powerful 
controller ler for easy interface. eb a 
lain textios tart ance) images widecs , and much more. _ 
preach roar oa ee are 
Options include: uLCD, uOled, touch-screen, S SUNG SA ees 
port, scripting language, , user switch interface and sound. Easy 5 
a 
‘uLCD-144 as shown only £23.00 each +VAT . 
See the full range, prices, data-sheets and on-line ordering at:- 


Pate es em | 


i | 


BeBEeeEeEE 


BANDWIDTH 
20 MHz to 12 GHz 


SHERWOOD ELECTRONICS 


Buy 10 x £1 Special Packs and choose another one FREE 


15 x 5mm Red Leds SP131 
12 x 5mm Green Leds SP133 
12 x 5mm Yellow Leds SP134 
20 x5mm 1 part Led clips SP135 
15 x 3mm Red Leds SP136 
12 x 3mm Green Leds SP137 
10 x 3mm Yellow Leds SP138 
20 x 3mm 1 part Led clips SP142 
100 x 1N4148 diodes SP143 Pairs min. croc.clips (Red+Blk) 

x 1N4001 diodes SP144 Pairs min. croc. clips (assorted 

x 1N4002 diodes colours) 

x BC182B transistors SP146 x 2N3704 transistors 

x BC184B transistors SP151 x 8mm Red Leds 

x BC549B transistors Ssri52 x 8mm Green Leds 

x Cmos 4001 SP153 x 8mm Yellow Leds 

x 555 timers SP154 x BC548B transistors 

x 741 Op-amps SP160 x 2N3904 transistors 

x Cmos 4011 SP161 x 2N3906 transistors 

x Cmos 4013 SP164 x C106D thyristors 

x Cmos 4081 SP165 x LF351 Op-amps 

x 1N914 diodes SP166 x 1N4003 diodes 

x 10/25V radial elect caps SP167 x BC107 transistors 

x 100/35V radial elect caps SP168 x BC108 transistors 

x 47/25V radial elect caps SP172 x Standard slide switches 

x 470/16V radial elect caps SPifs xX 220/25V radial elect caps 

x BC237 transistors SP174 x 22/25V radial elect caps 

x Mixed transistors SP175 x 1/63V radial elect caps 
200 x Mixed 0.25W CF resistors SP177 x 1A 20mm quick blow fuses 

x Min. PB switches SP178 x 2A 20mm quick blow fuses 

x 4 metres stranded core wire SP181 x Phono plugs — assorted 

x 8 pin DIL sockets colours 

x 14 pin DIL sockets SP182 x 4.7/63V radial elect caps 

x 16 pin DIL sockets SP183 x BC547B transistors 

x BC557B transistors SP186 x 1M horizontal trimpots 

x Cmos 4093 SP189 x 4 metres solid core wire 


x 10mm Green Leds SP195 3.x 1omm Yellow Leds Latest Software Updates: I2C & CAN bus decoding, 
x Cmos 4047 SP197 x 20 pin DIL sockets 


20 x Assorted ceramic disc caps SP198 x 24 pin DIL sockets at : ‘ 
100 x Mixed 0.5W CF resistors SP199 x 2.5mm mono jack plugs mask lim It testing, advanced trigge rs, 


SP200 x 2.5mm mono jack sockets 


x TLO71 Op-amps 
x 1N4004 diodes 


<i onan SAMPLING RATES 
Mea ete 50 MS/s to 5 GS/s 


Oo 


x W005 1.5A bridge rectifiers 
X 2.2/63V radial elect caps 
x Cmos 4017 


aS eo 


MEMORY 
8kS to 1 GS 


= 
oO 


RESOLUTION 
8 to 16 bits 


PRICES 
ElZo 1020773) 


digital low pass filtering, rapid triggering 


Catalogue available £1 inc. P&P 
or FREE with first order. 


RESISTOR PACKS — GFilm P&P £2.25 per order. NO SE 
Cheques and Postal Orders to: 
5 each value - total 365 - 0.25W : = 
10 each value - total 730-0.25W £4. Sherwood Electronics, 
1000 popular ole atta 10 NEWSTEAD STREET, 
10 each value - total 610-O5W £7. MANSFIELD, NOTTS. 


1000 popular values - 0.5W : NG19 6JJ 


www.picoauto.com/scope2035 


Everyday Practical Electronics, March 2011 7S 


Surfing The Internet 


Alan Winstanley 


A wireless world 


Welcome to Net Work — the Internet column written for EPE readers. 
Regulars will recall that last year, after I started to experience various 
problems with my WiFi network, I replaced my flakey ADSL router with 
a less well-known, but cheaper type. I chose a Tenda W300D which was 
half the price of competing shrink-wrapped brands, my theory being that 
I would not mind so much if it needed replacing further down the line. 

The wired Ethernet worked flawlessly as you would expect, but over 
time I started to experience intermittent 802.11 WiFi problems with the 
new router, with laptops, phones and Internet radios suddenly falling off 
the network every few months. This culminated with another outage last 
month that lasted over a day before it recovered. WiFi is a very funny 
thing: to the uninitiated the expectation is that a wireless router simply 
broadcasts from its little antenna, like a radio beacon which percolates 
throughout a structure where the signal will be found unfailingly by a 
WiFi laptop. I know one business user who demands that his wireless 
laptop connects to the office router first time, every time. He can’t accept 
that WiFi technology simply does what it does, namely that it doesn’t 
always work very well, especially when working inside a steel-clad in- 
dustrial unit like his. 

In practice, WiFi signals simply ricochet around inside a building fol- 
lowing multiple paths, being reflected by some surfaces or absorbed by 
others. Human beings are basically big bags of water which block WiFi 
radio signals, as do copper wiring, steel girders and copper central heat- 
ing fittings. With luck, and sometimes not a little experimentation, a half- 
decent signal will somehow bounce its way down one path or another 
and a successful connection will be made to your laptop or phone. Some 
routers have multiple internal antennae that improve connectivity. Wire- 
less repeaters are available that extend the signal, too. 

Sometimes it’s worth visiting the website of your router’s manufactur- 
er to see if firmware updates are available that perhaps localise the router 
better for your country. You can usually flash the router using its control 
panel in a web browser, or use a separate utility program to upload the 
firmware onto the router via FTP. The process involves downloading a 
file from the web, maybe unzipping it, and simply pointing the firmware 
upgrade program to the router, ensuring that its power will not be inter- 
rupted during the update or you could end up with an expensive plastic 
brick tethered to your phone line. 


C:\WINDOWS\system32\cmd.exe 


Microsoft Windows RP [Version 5.1.2666] 
€C> Copyright 1985-2661 Microsoft Corp. 


Not so neighbourly 


Another frustrating WiFi issue is 
the increasing problem of conflicts 
caused by neighbours’ networks. I 
can now detect three or four other 
networks (see www.networkstum- 
bler.com for a useful utility) which 
funnily enough all seem to use 
Channel 1 by default. My own sys- 
tem is therefore nailed firmly in the 
middle on Channel 7 to help avoid 
interference; if WiFi problems are 
besetting you, consider switching to 
a different channel instead. 

Several times my radio network 
failed altogether though, and after 
pulling what’s left of my hair out 
and trying every trick in the book 
(short of hanging upside down from 


Mindows IP Configuration 


IP 


Media State 


C:\Documents and Settings\ARW>_ 


case 192.168.0.1 
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C:\Documents and Settings\ARW>ipconf ig 


Ethernet adapter Local Area Connection: 


Connection-specific DNS Suffix 


Ethernet adapter Bluetooth Network Connection: 


Typing IPCONFIG at a Windows command prompt reveals basic 
details of your network connection. The computer's unique |P 
address here is 192.168.0.101, which is issued by the router's 
DHCP server. The ‘gateway’ is the router's own IP address, in this 


an upstairs window while holding a WiFi antenna between my teeth), it 
seemed that no amount of rebooting or resetting the slumbering Tenda 
router would restore the network. I checked the settings on devices such 
as my Pure Evoke WiFi radio, and saw that it had not been issued with an 
IP address (the display showed 0.0.0.0), and on several laptops I could see 
that only Windows’ initial IP address (usually starting 169.254....) was 
configured (type ipconfig from the Windows command prompt to see). 

In effect, my stubborn WiFi network was going half-blind periodi- 
cally. Depending on a few options, these ‘temporary’ IP addresses are 
usually superseded when the router issues its own IP address to each 
peripheral on the network, and so after a minute or two I would expect to 
detect a series of unique IPs, each starting 192.168... It’s the job of the 
router’s DHCP server (if used) to issue IP addresses to every node and 
this clearly wasn’t happening. Each address also has a ‘lease’ or period 
configured in the router after which it is renewed. 

Nothing could be done to force the network to start up properly. Only 
once I powered everything down overnight did I find that the network 
re-built itself next morning and WiFi devices would burst into life as 
expected. How frustrating! 


Hot spots 


A check on Tenda’s website highlighted a firmware upgrade to ‘ad- 
dress DHCP’ issues, which I hoped would resolve the problem. Despite 
this, I found that WiFi was still somewhat inconsistent and sometimes 
bothersome, though some of this is due to environmental reasons. 

Furthermore, I pondered the Tenda and couldn’t help noticing how 
hot the always-on router became in normal use. As you’d expect from an 
electronics nut, I soon found myself musing over the ventilation provid- 
ed, and came to the conclusion that it could probably be better. A quick 
squirt with a laser infra-red thermometer showed that its housing reached 
nearly 45°C in places. I use the keyhole slots on the underside to hang the 
router vertically from the courtesy panel of my desk, well out of the way, 
but this does mean that heat percolates upwards over the whole router. 

One can’t be too critical of these types of peripheral though. As 
I’ve mentioned in the past, the shelves of computer stores are lined 
with glossy computer products, each seductively shrink-wrapped 
in eye-catching display cartons, and that’s the rub: many computer 
products are consumer-level 
devices. They have high ‘show- 
room appeal’ but are simply not 
designed or built for always-on 
use and they don’t last for ever. 
Over in my worklab I have a 
whole pile of routers that have 
all failed: usually it’s the power 
supply, or an Ethernet port, or 
the WiFi radio fails. 

In next month’s Net Work, [ll 
introduce more router basics and 
describe how I overcame my 
problems with a more radical 
upgrade, benefitting my wired 
Ethernet at the same time. You 
can email me at alan@epemag. 
demon.co.uk or share your views 
with the editor for possible publi- 
cation in Readout, by writing to 
editorial @ wimborne.co.uk. 


> 192.168.0.101 


> 255.255.2556 
: 192.168.6.1 


: Media disconnected 
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Electronics Teach-in 3 


The three sections of this book 
cover a very wide range of subjects 
that will interest everyone involved 
in electronics, from hobbyists and 
students to professionals. The first 80- 
odd pages of Teach-In 3 are dedicated 
to Circuit Surgery, the regular EPE clinic dealing with readers 
queries on various circuit design and application problems 
— everything from voltage regulation to using SPICE circuit 
simulation software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 

Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 different circuit designs submitted by the readers of 
EPE. 

The free cover-mounted CD-ROM is the complete 
Electronics Teach-In 1 book, which provides a broad-based 
introduction to electronics in PDF form, plus interactive quizzes 
to test your knowledge, TINA circuit simulation software (a 
limited version — plus a specially written TINA Tutorial), together 
with simulations of the circuits in the Teach-In 1 series, plus 
Flowcode (a limited version) a high level programming system 
for PIC microcontrollers based on flowcharts. 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series. 

The contents of the book and Free CD-ROM have been 
reprinted from past issues of EPE. 


160 pages+CD-ROM Order code ET3 £8.50 


ROBOTICS 


FREE 


CD-ROM 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the brilliant 
Lego Mindstorms Robotic Invention System (RIS). Initially 
covers fundamental building techniques and mechanics 
needed to construct strong and efficient robots using the 
various “click-together” components supplied in the basic 
RIS kit. Then explains in simple terms how the “brain” of 
the robot may be programmed on screen using a PC and 
“zapped” to the robot over an infra-red link. Also, shows 
how a more sophisticated Windows programming language 
such as Visual BASIC may be used to control the robots. 
Detailed building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages - large format Order code BP901 £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 
Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System (RIS) 
by using lego’s own accessories and some simple home 
constructed units. You will be able to build robots that 
can provide you with ‘waiter service’ when you clap your 
hands, perform tricks, ‘see’ and avoid objects by using 
‘pats radar’, or accurately follow a line marked on the floor. 
Learn to use additional types of sensors including rotation, 
light, temperature, sound and ultrasonic and also explore 
the possibilities provided by using an additional (third) 
motor. For the less experienced, RCX code programs 
accompany most of the featured robots. However, the more 
adventurous reader is also shown how to write programs 
using Microsoft's VisualBASIC running with the Activex 
control (Spirit. OCX) that is provided with the RIS kit. 
Detailed building instructions are provided for the featured 
robots, including numerous step-by-step photographs. The 
designs include rover vehicles, a virtual pet, a robot arm, an 
‘intelligent’ sweet dispenser and a colour conscious robot 
that will try to grab objects of a specific colour. 


Order code BP902 £14.99 


ANDROIDS, ROBOTS AND ANIMATRONS 
Second Edition - John lovine 
Build your own working robot or android using both off-the-shelf 
and workshop constructed materials and devices. Computer 
control gives these robots and androids two types of artificial 
intelligence (an expert system and a neural network). A lifelike 
android hand can be built and programmed to function doing 
repetitive tasks. A fully animated robot or android can also be 
built and programmed to perform a wide variety of functions. 
The contents include an Overview of State-of-the-Art 
Robots; Robotic Locomotion; Motors and Power Controllers; All 
Types of Sensors; Tilt; Bump; Road and Wall Detection; Light; 
Speech and Sound Recognition; Robotic Intelligence (Expert 
Type) Using a Single-Board Computer Programmed in BASIC; 
Robotic Intelligence (Neutral Type) Using Simple Neural 
Networks (Insect Intelligence); Making a Lifelike Android Hand; 
A Computer-Controlled Robotic Insect Programmed in BASIC; 
Telepresence Robots With Actual Arcade and Virtual Reality 
Applications; A Computer-Controlled Robotic Arm; Animated 
Robots and Androids; Real-World Robotic Applications. 


224 pages Order code MGH1 £16.99 


198 pages 


DIRECT BOOK SERVICE 


The books listed have been selected by Everyday Practical Electronics 
editorial staff as being of special interest to everyone involved in 


electronics and computing. They are supplied by mail order direct to 
your door. Full ordering details are given on the last book page. 


FOR A FURTHER SELECTION OF BOOKS SEE THE NEXT TWO ISSUES OF EPE 


3 All prices include UK postage 


RADIO 


BASIC RADIO PRINCIPLES AND TECHNOLOGY 
lan Poole 
Radio technology is becoming increasingly important in 
today’s high technology society. There are the traditional 
uses of radio which include broadcasting and point to point 
radio as well as the new technologies of satellites and 
cellular phones. All of these developments mean there is a 
growing need for radio engineers at all levels. 

Assuming a basic knowledge of electronics, this book 
provides an easy to understand grounding in the topic. 

Chapters in the book: Radio Today, Yesterday, and 
Tomorrow; Radio Waves and Propagation; Capacitors, 
Inductors, and Filters; Modulation; Receivers; Transmitters; 
Antenna Systems; Broadcasting; Satellites; Personal 
Communications; Appendix — Basic Calculations. 


263 pages Order code NE30 £28.99 


PROJECTS FOR RADIO AMATEURS AND S.W.L.S. 
R. A. Penfold 
This book describes a number of electronic circuits, most of 
which are quite simple, which can be used to enhance the 
performance of most short wave radio systems. 

The circuits covered include: An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets; 


A wavetrap to combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W. and S.S.B. 
audio filters; Simple noise limiters; A speech processor; 
A volume expander. 

Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and useful circuits for 


short wave enthusiasts. 
Order code BP304 £4.45 


AN INTRODUCTION TO AMATEUR RADIO 

I. D. Poole 

Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the 
turn of the last century. This book gives the newcomer a 
comprehensive and easy to understand guide through the 
subject so that the reader can gain the most from the hobby. 
It then remains an essential reference volume to be used 
time and again. Topics covered include the basic aspects of 
the hobby, such as operating procedures, jargon and setting 
up a station. Technical topics covered include propagation, 
receivers, transmitters and aerials etc. 


Order code BP257 £5.49 


92 pages 


150 pages 


COMPUTERS AND COMPUTING 


ELECTRONICS TEACH-IN 2 CD-ROM 


USING PIC MICROCONTROLLERS A 
PRACTICAL INTRODUCTION 

This Teach-In series of articles was originally published in EPE 
in 2008 and, following demand from readers, has now been 
collected together in the Electronics Teach-In 2 CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also republished 
from EPE. These provide a host of practical programming 
and interfacing information, mainly for those that have 
already got to grips with using PIC microcontrollers. 

An extra four part beginners guide to using the C 
programing language for PIC microcontrollers is also 
included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance Parts 
Selector V2.32; Treelink; Motor Control Solutions; 16-bit 
Embedded Solutions; 16-bit Tool Solutions; Human Interface 
Solutions; 8-bit PIC Microcontrollers; PIC24 Micrcontrollers; 
PIC32 Microcontroller Family with USB On-The-Go; dsPIC 
Digital Signal Controllers. 


CD-ROM Order code ETI2 CD-ROM £9.50 
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BUILD YOUR OWN PC - Fourth Edition 

Morris Rosenthal 

More and more people are building their own PCs. They 
get more value for their money, they create exactly the 
machine they want, and the work is highly satisfying and 
actually fun. That is, if they have a unique beginner's guide 
like this one, which visually demonstrates how to construct 
a computer from start to finish. 

Through 150 crisp photographs and clear but minimal 
text, readers will confidently absorb the concepts of 
computer building. The extra-big format makes it easy 
to see what’s going on in the pictures. The author goes 
‘under the hood’ and shows step-by-step how to create 
a Pentium 4 computer or an Athlon 64 or Athlon 64FX, 
covering: What first-time builders need to know; How 
to select and purchase parts; How to assemble the PC; 
How to install Windows XP. The few existing books on 
this subject, although outdated, are in steady demand. 
This one delivers the expertise and new technology that 
fledgling computer builders are looking for. 


224 pages - large format Order code MGH2 £16.99 


PROGRAMMING 16-BIT PIC 
MICROCONTROLLERS IN C 

- LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA) 
A Microchip insider tells all. Focuses on examples and 
exercises that show how to solve common, real-world 
design problems quickly. Includes handy checklists to 
help readers perform the most common programming 
and debugging tasks. FREE CD-ROM includes source 
code in C, the Microchip C30 compliler, and MPLAB 
SIM software, so that readers gain practical, hands-on 
programming experience. 

Until recently, PICs didn’t have the speed and memory 
necessary for use in designs such as video- and audio- 
enabled devices. All that changed with the introduction 
of the 16-bit PIC family, the PIC24. This new guide 
teaches readers everything they need to know about 
the architecture of these chips, how to program them, 
how to test them and how to debug them. Lucio’s 
common-sense, practical, hands-on approach starts 
out with basic functions and guides the reader step-by- 
step through even the most sophisticated programming 
scenarios. 

Experienced PIC users and newcomers alike will benefit 
from the text’s many thorough examples, which demonstrate 
how to nimbly side-step common obstacles and take full 
advantage of all the 16-bit features. 


496 pages +CD-ROM Order code NE45 £38.00 


AS 


NEWJEULEICOLOURICOMPUTINGIBOOKS 


WINDOWS 7 - TWEAKS, TIPS AND TRICKS 
Andrew Edney 

This book will guide you through many of the exciting new 
features of Windows 7. Microsoft's latest and greatest op- 
erating system. It will provide you with useful hints, tips and 
warnings about possible difficulties and pitfalls. This book 
should enable you to get much more out of Windows 7 and, 
hopefully, discover a few things that you may not have re- 
alised were there. 

Among the topics covered are: A brief overview of the 
various versions of Windows 7. How to install and use 
Upgrade Advisor, which checks to see if your computer 
meets the minimum requirements to run Windows 7 and 
that your software and drivers are supported by Windows 
7. How to use Windows Easy Transfer to migrate your data 
and settings from your Vista or XP machine to your new 
Windows 7 computer. Exploring Windows 7 so that you 
will become familiar with many of its new features and 
then see how they contrast with those of earlier versions 
of Windows. How to connect to a network and create and 
use Home Groups to easily share your pictures, videos, 
documents, etc.,with the minimum of hassle. Why Win- 
dows Live Essentials is so useful and how to download 
and install it. A brief introduction to Windows Media Cen- 
ter. The use of Action Center, which reports security and 
maintenance incidents. Windows Memory Diagnostic to 
detect the fairly common problem of faulty memory and 


Troubleshooting tools. 
Order code BP708 £8.49 


HOW TO BUILD A COMPUTER MADE EASY 

R.A. Penfold 

Building your own computer is a much easier than most 
people realise and can probably be undertaken by any- 
one who is reasonably practical. However, some knowl- 
edge and experience of using a PC would be beneficial. 
This book will guide you through the entire process. It 
is written in a simple and straightforward way with the 
explanations clearly illustrated with numerous colour 


120 pages 


photographs. 


The book is divided into three sections: Overview and 
preparation — Covers understanding the fundamentals and 
choosing the most suitable component parts for your com- 
puter, together with a review of the basic assembly. Assem- 
bly — Explains in detail how to fit the component parts into 
their correct positions in the computer's casing, then how 
to connect these parts together by plugging the cables into 
the appropriate sockets. No soldering should be required 
and the only tools that you are likely to need are screwdriv- 
ers, small spanners and a pair of pliers. 

BIOS and operating system — This final section details 
the setting up of the BIOS and the installation of the Win- 
dows operating system, which should then enable all the 
parts of your computer to work together correctly. You will 
then be ready to install your files and any application soft- 
ware you may require. 

The great advantage of building your own computer 
is that you can ‘tailor it exactly to your own requirements. 
Also, you will learn a tremendous amount about the struc- 
ture and internal workings of a PC, which will prove to be 
invaluable should problems ever arise. 


Order code BP707 £8.49 


AN INTRDUCTION TO eBAY FOR THE 

OLDER GENERATION 

Cherry Nixon 

eBay is an online auction site that enables you to buy and 
sell practically anything from the comfort of your own home. 
eBay offers easy access to the global market at an amaz- 
ingly low cost and will enable you to turn your clutter into 
cash. 

This book is an introduction to eBay.co.uk and has been 
specifically written for the over 50s who have little knowl- 
edge of computing. The book will, of course, also apply 
equally to all other age groups. The book contains ideas for 
getting organised for long term safe and successful trading. 
You will learn how to search out and buy every conceivable 
type of thing. The book also shows you how to create auc- 
tions and add perfect pictures. There is advice on how to 
avoid the pitfalls that can befall the inexperienced. 


120 pages 


Cherry Nixon is probably the most experienced teacher 
of eBay trading in the UK and from her vast experience has 
developed a particular understanding of the issues and dif- 
ficulties normally encountered by individuals. 

So, if you are new to computers and the internet and 
think of a mouse as a rodent, then this is the book for you! 


Order code BP709 £8.49 


GETTING STARTED IN COMPUTING FOR 

THE OLDER GENERATION 

Jim Gatenby 

You can learn to use a computer at any age and this book 
will help you acheive this. It has been especially written for 
the over 50s, using plain English and avoiding technical jar- 
gon wherever possible. It is lavishly illustrated in full colour. 

Among the many practical and useful subjects that are 
covered in this book are: Choosing the best computing 
system for your needs. Understanding the main hardware 
components of your computer. Getting your computer up 
and runnning in your home. Setting up peripheral devices 
like printers and routers. Connecting to the internet using 
wireless broadband in a home with one or more computers. 
Getting familiar with Windows Vista and XP the software 
used for operating and maintaining your computer. Learn- 
ing about Windows built-in programs such as Windows Me- 
dia Player, Paint and Photo Gallery. 

Plus, using the Ease of Access Center to help if you 
have impaired eyesight, hearing or dexterity problems. 
Installing and using essential software such as Microsoft 
Office suite. Searching for the latest information on virtu- 
ally any subject. Keeping in touch with friends and family 
using e-mail. Keeping your computer running efficiently 
and your valuable data files protected against malicious 
attack. 

This book will help you to gain the basic knowledge 
needed to get the most out of your computer and, if you 
so wish, give you the confidence to even join a local 


120 pages 


120 pages 


computer class. 
Order code BP704 £8.49 


THEORY AND REFERENCE 


ELECTRONIC CIRCUITS - FUNDAMENTALS 

& APPLICATIONS 

Third Edition 

Mike Tooley 

A comprehensive reference text and practical electronics 
handbook in one volume — at an affordable price! 

New chapter on PIC microcontrollers — the most popular 
chip family for use in project work by hobbyists and in 
colleges and universities. 

New companion website: spreadsheet design tools to 
simplify circuit calculations; circuit models and templates 
to enable virtual simulation; a bank of on-line questions 
for lecturers to set as assignments, and on-line self-test 
multiple choice questions for each chapter with automatic 
marking, to enable students to continually monitor their 
progress and understanding. 

The book’s content is matched to the latest pre-degree 
level courses, making this an invaluable reference for 
all study levels, and its broad coverage is combined with 
practical case studies, based in real-world engineering 
contexts throughout the text. 

The unique combination of a comprehensive reference 
text, incorporating a primary focus on practical applications, 
ensures this text will prove a vital guide for students and 
also for industry-based engineers, who are either new to the 
field of electronics, or who wish to refresh their knowledge. 


400 pages Order code NE43 £25.99 


BEBOP TO THE BOOLEAN BOOGIE 

Third Edition 

Clive (Max) Maxfield 

This book gives the ‘big picture’ of digital electronics. This 
indepth, highly readable, guide shows you how electronic 
devices work and how they're made. You'll discover 
how transistors operate, how printed circuit boards are 
fabricated, and what the innards of memory ICs look like. 
You'll also gain a working knowledge of Boolean Algebra 
and Karnaugh Maps, and understand what Reed-Muller 
logic is and how it’s used. And there’s much, MUCH more. 
The author’s tongue-in-cheek humour makes it a delight to 
read, but this is a REAL technical book, extremely detailed 
and accurate. 

Contents: Fundamental concepts; Analog versus digital; 
Conductors and insulators; Voltage, current, resistance, 
capacitance and inductance; Semiconductors; Primitive logic 
functions; Binary arithmetic; Boolean algebra; Karnaugh 
maps; State diagrams, tables and machines; Analog-to- 
digital and digital-to-analog; Integrated circuits (ICs); Memory 


76 


Alvin Brown 


ICs; Programmable ICs; Application-specific integrated 
circuits (ASICs); Circuit boards (PWBs and DWBs); 
Hybrids; Multichip modules (MCMs); Alternative and future 
technologies. 


500 pages Order code BEB1 £32.99 


BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 

Clive (Max) Maxfield and 


This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information 
about how computers work. It 
picks up where “Bebop |” left 
off, guiding you through the 
fascinating world of computer 
design . . . and you'll have a 
few chuckles, if not belly laughs, 
along the way. In addition to over 200 
megabytes of mega-cool multimedia, the 
CD-ROM contains a virtual microcomputer, simulating 
the motherboard and standard computer peripherals in 
an extremely realistic manner. In addition to a wealth 
of technical information, myriad nuggets of trivia, and 
hundreds of carefully drawn illustrations, the CD- 
ROM contains a set of lab experiments for the virtual 
microcomputer that let you recreate the experiences 
of early computer pioneers. if you’re the slightest bit 
interested in the inner workings of computers, then don’t 
dare to miss this! 

Over 800 pages in Adobe Acrobat format 


CD-ROM Order code BEB2 CD-ROM £21.95 
FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES 


Third Edition 

C. R. Robertson 

Covers the essential principles that form the foundations for 

electrical and electronic engineering courses. The coverage 

of this new edition has been carefully brought in line with the 

core unit ‘Electrical and Electronic Principles’ of the 2007 

BTEC National Engineering specification. This qualification 

from Edexcel attracts more than 10,000 students per year. 
The book explains all theory in detail and backs it up 

with numerous worked examples. Students can test their 


understanding with end of chapter assignment questions 
for which answers are provided. In this new edition, the 
layout has been improved and colour has been added. A 
free companion website with additional worked examples 
and chapters is also available. 


368 pages Order code NE47 


STARTING ELECTRONICS 

Third Edition 

Keith brindley 

A punchy practical introduction to self-build electronics. The 
ideal starting point for home experimenters, technicians and 
students who want to develop the real hands-on skills of 
electronics construction. 

A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic circuits. 

Breadboard layouts make this very much a ready-to- 
run book for the experimenter, and the use of multimeter, 
but not oscilloscopes, and readily available, inexpensive 
components makes the practical work achievable in a home 
or school setting as well as a fully equiped lab. 


Temporarily out of print 


£21.99 
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MUSIC, AUDIO 


AND VIDEO 


MAKING MUSIC WITH YOUR COMPUTER 
Stephen Bennett 
Nearly everyone with musical aspirations also has a 
computer. This same computer can double as a high 
quality recording studio capable of producing professional 
recordings. This book tells you what software and hardware 
you will need to get the best results. 

You'll learn about recording techniques, software and 
effects, mixing, mastering and CD production. 

Suitable for PC and Mac users, the book is full of tips, 
“how to do” topics and illustrations. It’s the perfect answer 
to the question “How do | use my computer to produce my 


own CD?” 
Order code PC120 £10.95 


92 pages 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you get 
them? How do you use them? Why have they thrown record 
companies into a panic? Will they make music easier to 
buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this concise 
and practical book which explains everything you need 
to know about MP9s in a simple and easy-to-understand 
manner. It explains: 

How to play MP3s on your computer; How to use MP3s 
with handheld MP3 players; Where to find MP3s on the 
Web; How MP8s work; How to tune into Internet radio 
stations; How to create your own MP8s; How to record your 
own CDs from MP3 files; Other digital audio music formats. 

Whether you want to stay bang up to date with the latest 
music or create your own MP9s and join the on-line digital 
music revolution, this book will show you how. 


Order code PC119 £7.45 


VIDEO PROJECTS FOR THE 

ELECTRONICS CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this 
book contains a collection of electronic projects specially 
designed for video enthusiasts. All the projects can be simply 
constructed, and most are suitable for the newcomer to 
project construction, as they are assembled on stripboard. 

There are faders, wipers and effects units which will add 
sparkle and originality to your video recordings, an audio 
mixer and noise reducer to enhance your soundtracks and 
a basic computer control interface. Also, there’s a useful 
selection on basic video production techniques to get you 
started. 

Complete with explanations of how the circuit works, 
shopping lists of Components, advice on construction, 
and guidance on setting up and using the projects, this 
invaluable book will save you a small fortune. 

Circuits include: video enhancer, improved video enhancer, 
video fader, horizontal wiper, improved video wiper, negative 
video unit, fade to grey unit, black and white keyer, vertical 
wiper, audio mixer, stereo headphone amplifier, dynamic 
noise reducer, automatic fader, pushbutton fader, computer 
control interface, 12 volt mains power supply. 


Order code PC115 £1085 £5.45 


60 pages 


124 pages 


BEADED FY Cad DINE & 
We also carry aselection of books aimed 
at readers of EPE’s sister magazine on 
vintage radio Radio Bygones. These 
books include, the four volumes of our 
own Wireless For the Warrior by Louis 
Meulstee. These are a technical history 


of radio communication equipment 
in the British Army and clandestine 
equipment from pre-war through to the 
1960s. 

For details see the UK shop on our web 
site at www.epemag.com or contact us 
for a list of Radio Bygones books. 


PROJECT BUILDING AND TESTING 


ELECTRONIC PROJECT BUILDING 
FOR BEGINNERS 
R. A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following topics: 
Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting “problem” projects to 
work, including simple methods of fault-finding. 
In fact everything you need to know in order to get started 
in this absorbing and creative hobby. 


Order code BP392 £5.99 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with 
valve (tube in USA) audio equipment — as an electronics 
experimenter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
tube, whether audio enthusiasts tackling their first build, or 
more experienced amplifier designers seeking to learn the 
ropes of working with valves. The practical side of this book 
is reinforced by numerous clear illustrations throughout. 


135 pages 


368 pages Order code NE40 £29.00 
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PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold 
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but 
in most cases they also represent a practical approach 
to the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 
The projects include:- Simple audio links, FM. audio 
link, PW.M. audio links, Simple d.c. links, PW.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI link, 
Loop alarms, R.P.M. meter. 
All the components used in these designs are readily 
available, none of them require the constructor to take out 


a second mortgage. 
Order code BP374 £5.45 


GETTING THE MOST FROM YOUR 
MULTIMETER 

R. A. Penfold 

This book is primarily aimed at beginners and those of limited 
experience of electronics. Chapter 1 covers the basics of 
analogue and digital multimeters, discussing the relative 
merits and the limitations of the two types. In Chapter 2 various 
methods of component checking are described, including tests 
for transistors, thyristors, resistors, capacitors and diodes. 
Circuit testing is covered in Chapter 3, with subjects such as 
voltage, current and continuity checks being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 


102 pages Order code BP239 £5.49 


132 pages 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the world 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send 
a PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or 
card details, Visa, Mastercard or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING 
LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs @wimborne.co.uk 


Order from our online shop at: www.epemag.com -— go to the 
UK store 


BOOK ORDER FORM 


PN SS acces ee cece tereunesceeesasieceteneadwcaeceosece: 


POSS cies sin dicdune de tunsveviadeanadsesendounsxinasniuniseateanadty 


Post code: ............. 


SIG MU Cia arcs Grarstateesnrsancimeenastaeetiesainoas 


sctedeonectcier? MEISDINONC NOE sseuirscacnuncctaaiwsatsrentannecs 


[-] | enclose cheque/PO payable to DIRECT BOOK SERVICE for £ 


[_] Please charge my card £ 
Card Number 


Valid From Date 


Please continue on separate sheet of paper if necessary 
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PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders @epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


PROJECT TITLE ORDERCODE COST 
——__ 
JANUARY '10 
* UHF Remote-Controlled Mains Switch 


* UHF Remote Mains Switch Transmitter 
* Playback Adapter For CD-ROM Drives 


FEBRUARY ‘10 
* Charge Controller For 12V Lead-Acid Batteries 
* Working Days Alarm Clock 
— Main (double-sided) 
— Display (double-sided) 
Low-cost LPT-To-I?C Interface 


MARCH ‘10 
* High-Accuracy Digital LC Meter — Main 
— Adaptor 
— Shorting Bar 
2-way Stereo Headphone Adaptor 
* Shift Indicator and Rev Limiter For Cars — Main 
— Display 


APRIL'10 


USB Power Injector 
Alternative 12V 10A Power Supply 
LM3909 Replacement Module 


MAY '10 

* Water Tank Level Meter 

* dsPIC/PIC Programmer — Main Board 
— Adaptor 


JUNE '10 
* PIC-Based Musical Tuning Aid 
* Water Tank Level Meter — Base 
— Switch 
* DSP Musicolour — Main 
— Display 


JULY '10 


* ColdAlert Hypothermia Alarm 
* Swimming Pool Alarm 


AUGUST '10 
* PIC-Based Flexitimer (double-sided) 
DSP Musicolour — Remote Control Receiver 
* UV Lightbox — Exposure Controller 
— Display/Timer 
Ultra LD 200W Power Amplifier (double-sided) 


SEPTEMBER ‘10 


Ultra-LD 200W Power Amplifier — Power Supply 
Low-Voltage Adjustable Regulator 
Balanced/Unbalanced Converter 

Planet Jupiter Receiver (double-sided) 


OCTOBER '10 
Bridge Adaptor For Stereo Power Amps 
CDI Module For Small Motors 
* LED Strobe and Tachometer — 1 
— Main Board 
— Switch Board 
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PROJECT TITLE ORDERCODE COST 


NOWEMBER ‘10 


* Railpower — Main Board 773 ; 
— Display Board 7714 } pair | £14.83 

*LED Strobe and Tachometer — 2 

— Photo-Interrupter TOME \ 

air | £7.15 

— IR Reflect Amp 778 os 
* USB Clock with LCD Readout — 1 779 £7.6D 
Balanced MIC Preamp for PCs and MP3 Players 780 EOve 


DECEMBER ‘10 
12V Speed Controller or 12V Lamp Dimmer 

* Digital RF Level & Power Meter 

— Main Board 

— Head-end Board 

— RF Attenuator Board 


z6w9 


£10.81 


JANUARY ‘11 


* Multi-Purpose Car Scrolling Display 
— Main Board 
— Display Board 
USB-Sensing Mains Power Switch 
* 433MHz UHF Remote Switch 
— Transmitter 
— Receiver 


FEBRUARY ‘T1 
Time Delay Photoflash Trigger 791 yale) 1 
Tempmaster Mk.2 


MARCH ‘11 


* GPS Synchronised Clock 793 £8.02 
* Digital Audio Millivoltmeter 794 £11.34 
Theremin 795 £10153 


USB Printer Share Switch 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity 


| enclose payment of £ 


Everyday Practical 
Electronics 


Card No. «Noe Noe Ma Ne de Aw ee ns woah die 
Valid From Expiry Date 
Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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CEASSIFIEDFADVERTISEMENTS 


If you want your advertisements to be seen by the largest readership at the 
most economical price our classified page offers excellent value. The rate for 
semi-display space is £10 (+VAT) per centimetre high, with a minimum height 
of 2-5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for 
classified adverts is 40p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical 
Electronics. VAT must be added. Advertisements, together with remittance, 
should be sent to Everyday Practical Electronics Advertisements, 113 Lynwood 
Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 
843233. Email: epeads @ wimborne.co.uk. For rates and information on display 


and classified advertising please contact our Advertisement Manager, Stewart 
Kearn as above. 


amt EVERYDAY PRACTICAL 


es ELECTRONICS 


anne. 
Everyday Practical Electronics reaches more UK readers than any other 
UK monthly hobby electronics magazine, our sales figures prove it. We 


have been the leading monthly magazine in this market for the last 
twenty-five years. 
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@ Robot Bits 


“= Robots, Arduino & more! 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


‘2s a ee ee 


“*) ® 8 text pages 
oS). |® Real time clock 

Ey fe ® Counter input 
Tey. 92? PS/2 connection 

2 pete WL »= )@ UK or US key layout 
oma Y2) 2? Colour / ne video 
oe ® PAL and NTSC 
® Board only option 


-OSD.CONM 


www.RobotBits.co.uk 


0845 5 191 282 


WWW.PI 


spinvent.co.uk- 


...-invent with the Propeller 
microcontroller and Spin programming 
language from Parallax 


LCD Displays & 
Controllers from 
£6.50 
Serial, |2C, 


BOWOOD ELECTRONICS LTD VT100 
Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 
All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


www.byvac.com 


Miscellaneous 


VALVES AND ALLIED COMPONENTS 
IN STOCK. Phone for free list. Valves, 
books and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774. 


KITS, TOOLS, COMPONENTS. S.A.E. 
Catalogue. SIR-KIT ELECTRONICS, 52 
Severn Road, Clacton, CO15 3RB, http:// 
sir-kit.webs.com 
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ALSO AVAILABLE FROM DIRECT BOOK SERVICE 
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Europe’s Largest 
Surplus Store 
20,000,000 Items on line NOW ! 


New items added dail 
Established for over 25 years, UK company 
Display Electronics prides itself on offering a 
massive range of electronic and associated 
electro-mechanical equipment and parts to 
the Hobbyist, Educational and Industrial 
user. Many current and obsolete hard to get 
parts are available from our vast stocks, 
which include: 

# 6,000,000 Semiconductors 

# 5,000 Power Supplies 

@ 25,000 Electric Motors 

# 10,000 Connectors 

# 100,000 Relays & Contactors 

@ 2000 Rack Cabinets & Accessories 
# 4000 Items of Test Equipment 

@ 5000 Hard Disk Drives 


www.distel.co.uk 
Display Electronics Telephone 
thomtonHeath | [44] 020 8653 3333 
Surrey UK CR7 8PD Fax [44] 020 8653 8888 


Rechargeable Batteries With Solder Tags 


NIMH NICAD 


Instrument case with edge connector and screw terminals 
Size 112mm x 52mm _ x 105mm tall 


This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 
VAT (=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. 
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866 battery pack originally intended to be 

used with an orbitel mobile telephone it 
contains 10 1-6Ah sub C batteries (42 x 

22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and 

unused and can be broken open quite —. 
easily £7.46 + VAT = £8.77 —a 


Please add £1.66 + VAT = £1.95 postage & packing per order 


@ 
JPG Electronics 
Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
www.JPGElectronics.com 
Mastercard/Visa/Switch 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 
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45-SECOND VOICE RECORDER MODULE 

Here’s a fun and easy-to-build voice recorder that can record two, four 
or eight different messages. It provides clean and glitch-free line-level 
audio output suitable for feeding an amplifier or PA system. For ultimate 
flexibility you can even set the audio quality / length of message ratio. 


PIR-TRIGGERED MAINS SWITCH 

Most domestic PIR systems just switch on lights — this project uses 
PIR sensors to switch any mains-powered device rated up to 10A. 
It comes with user-adjustable on-time, manual override and fits in a 
neat, tough box. 


MULTI-FUNCTION, INTELLIGENT REMOTE- 
CONTROLLED DIMMER 

This has got to be the ultimate dimmer project! It works with 
incandescent and dimmable CFL (compact fluorescent) lights, as 
well as some 12V halogen lights. Provides mood and home-theatre 
lighting, all controlled with a standard handheld remote controller. 


QUICK’N’EASY DIGITAL SLIDE ‘SCANNER’ 

Got a drawer full of slides? This quick and easy project uses a point- 
and-shoot digital camera to ‘scan’ them into your computer in a 
fraction of the time taken by expensive, slow ‘pro’ scanners! 


TEACH-IN 2011 — PART 6 
Mike and Richard Tooley continue our indispensable back-to-basic 
series with a look at digital logic circuits. 


APRIL ’11 ISSUE - ON SALE 10 MARCH 


Content may be subject to change 
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Atlas DCA - Semiconductor Analyser with Carry Case! 


The famous Peak Atlas. Still great value even 
though VAT has gone up! 


Fitted with sturdy universal premium gold probes. 
Just connect any way round to identify the 
type of part, pinout and lots of 
parameters. 


Supplied with battery, comprehensive 
user guide and padded hard carry 
case (choose either blue or black). 


Supports bipolar transistors, 
darlingtons, MOSFETs, diodes, 
LEDs and more... 


www.stewart-of-reading.co.uk 


Check out our website, 1,000’s of items in stock. 


AGILENT E4402B Spectrum Analyser HP53131A Universal Counter Opt 001 
100HZ — 3GHZ with Option 1DN Tracking | Unused Boxed 3GHZ.................. £850 
Gen; 1 DR Narrow Res; A4H GPIB, Unused Boxed 225MHZ............... £595 
UB eacycra sets t each seca tesniroussaeesanie £5800 | Used 225MHZ...............:::000eeee es £495 
HP 35670A FFT Dynamic Signal Analyser | HP8569B Spectrum Analyser 0.01- 
2 Channel. Unused in original box...L4000 | 22GHZ.................2cceeeeee eee ees £1000 
AGILENT 83752B Synthesised Sweeper HP54616C Oscilloscope Dual Trace 
Be 0:07 =20GHZ wench ean £6000 | 500MHZ 2GS/S Colour.............. £1250 
AGILENT 8753ET HP83711B Synthesised 1-20GHZ with QUART LOCK 10A-R Rubidium 
TRANSMISSION/REFLECTION Opt IEI Attenuator....................065 £5000 | Frequency Standard.................. £1000 
NETWORK ANALYSER 300KHZ-3GHZ | AGILENT/HP E4431B Signal Generator PENDULUM CNT90 Timer/Counter 
250KHZ-2GHZ Digital Modulation...2£2750 | /Analyser 20GHZ...................... £1950 
MARCONI 2024 Signal Generator 9KHZ- | ADVANTEST R3465 Spectrum MARCONI 2945 RADIO 
2AGHAZ OD10A4 ccs. atsvenodectewereedvois £1250 | Analyser 9KHZ-8GHZ....................:. S- 
MARCONI/IFR 2030 Signal Generator HP Programmable Attenuators £300 COMMUNICATION TEST 
1OKHZ-1.35 GHZ .......eeeeeeeeeeeeeeeees £995 | each SET with.... 
MARCONI 2022E Synthesised AM/FM 33320H DC-18GHZ 11db Opt 01 — 600 ohm Matching Unit 
Signal Generator 10KHZ-1.01GHZ ...£500 | 33321G DC-18GHZ 70db Opt 03 — High Stability OC XO 
HP8566A Spectrum Analyser 100HZ- Many others available Opt 06 — Memory Card Drive with Real 
: — BOGE secacsaveteccsededecacatermiaenaeetesé £1950 | AGILENT E3610A Power Supply 0-8v Time Clock Opt 08 — SSB Demodulator 
HP33120A FUNCTION GENERATOR HP8568A Spectrum Analyser 100HZ- 0-3A/0-15v 0-2A Unused Opt 21 Demodulation Filters 
100 MicroHZ — 15MHZ TBOOM FIZ coccgaes tsps seeecsoessye teins £1250 | AGILENT E3611A Power Supply 0-20V Opt 22 POCSAG Decode 
Unused Boxed £595 AVCOM PSA-37D Spectrum Analyser 0-1.5A/0-35V 0-0.85V Unused Only £3,000 
Used, No Moulding, No Handle £395 AMIFLZ 4D oa ss raciccidedbaccdercntesseensiad £- | CIRRUS CRL254 Sound Level Meter 
a IFR 1200S Service Communication WIth Calibrator sci vcuccnyeenicscewxvasiewnce £95 
WICUIEOM .a:c5:04.cia bins axseiereandavesahavadnaaane £1500 | CEL328 Digital Sound Level Meter with | 
HP6624A Power Supply 0-20V 0-2A CEL284/2 Acoustical Calibrator........... f ' mn EEE 
Twice, 0-7V 0-5A; 0-50V 0.8A CEL 269 Digital Sound Level Meter with = te ® © 
SPCClal DMCC cacti wndecadscatente 350 | CEL282 Acoustical Calibrator 5p 
AVO/MEGGAR FT6/12 AC/DC FLUKE SCOPEMETERS ee & 2+ fee aber 
breakdown tester..............cccceeeeeeeeeeeeees £- | 99B Series II 2Ch 100MHZ 5GS/G from i Wt @ = B Mercere | = * 
MARCONI/IFR/AEROFLEX 2025 Signal £325 | 2a “Fete | beetaclrtinedlas 
il 9KHZ—2.51GHZ Opt 04 High Stab 97 2Ch 50MHZ 25MS/S from £225 
MARCONI 2955 RADIO pt 11 High Power etc As New....... £2500 HP 8569B 
COMMUNICATION TEST SET SOLARTRON 1250 Frequency Response | STEWART of READING Spectrum Analyser 0.01-22GHZ 
ONLY £625 Analyser 10UHZ-65KHZ shisaesiets teen eees £995 17A King Street, Mortimer, £995 
Also available Marconi 2955A & 2955B_ | HP3324A Synthesised Function Near Reading RG7 3RS 
Generator 21MHZ...............cccceee eee £500 Telephone: 0118 933 1111 
HP41800A Active Probe 5HZ-500MHZ : 
hee ices Staph as ard Bae trate tit a te ante bade oi £750 Fax: 0118 933 2375 
ANRITSU MS2601A Spectrum Analyser 9am — Spm Monday - Friday 
10KHZ-2.2GHZ 50o0hm................5- £750 
= Used Equipment — GUARANTEED HP6269B Power Supply 
= ot Prices plus Carriage and VAT 0-40V 0-50A £400 


ENI 3200L RF POWER AMPLIFIER Please check availability before 


250KHZ-150MHZ 200W 55Db .= 6. 2 " ordering or CALLING IN AMPLIFIER RESEARCH 


AGILENT E4421B 250KHZ-3GHZ POWER AMPLIFIER 1000LAM8 £POA 


Signal Generator £250 


aN oe PRE-PRODUCTION CHECK . 


} Board Edge Defined - CHECK 


All Components Placed - CHECK 
— 


All Connections Routed = CHECK 


a 
Power Planes Generated - CHECK 
aS 
No Design Rule Violations - CHECK 


PROTEUS 7 


Design with Confidence: 


The latest version of the Proteus PCB Design Software provides a multi- 
stage Pre-Production Check which will detect and prevent a variety of 
common mistakes prior to your boards being sent for manufacture. 


PROTEUS DESIGN SUITE reatures: 


» Hardware Accelerated Performance. » Board Autoplacement & Gateswap Optimiser. 

» Unique Thru-View™ Board Transparency. =» Direct CADCAM, ODB++, IDF & PDF Output. 

» Over 35k Schematic & PCB library parts. «= Integrated 3D Viewer with 3DS and DXF export. 
s Integrated Shape Based Auto-router. » Mixed Mode SPICE Simulation Engine. 

» Flexible Design Rule Management. » Co-Simulation of PIC, AVR, 8051 and ARM. 

» Polygonal and Split Power Plane Support. =» Direct Technical Support at no additional cost. 


abcente r/ \ / \ / \ ww iabcenter.com Visit our website or 
phone 01756 753440 


Flectronics 
Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. for more details 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com 


